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Chapter I 

Objects and ConsHlution 

1 The objects of the British Association for the Advance- Objects 
ment of Science are To give a stronger impulse and a more 
systematic direction to scientific inquiry , to promote the 
intercourse of those who cultivate Science in different parts 

of the British Empire with one another and with foreign 
philosophers , to obtain more general attention for the objects 
of Science and the removal of any disadvantages of a public 
kind which impede its progiess 

The Association contemplates no invasion of the ground 
occupied by other Institutions 

2 The Association shall consist of Members, Associates, Coobtitution 
and Honorary Corresponding Members 

The governing body of the Association shall be a General 
Committee, constituted as hereinafter set forth , and its 
affairs shall be directed by a Council and conducted by 
General Officers appointed by that Committee 

3 The Association shall meet annually, for one week or Annual 
longer, and at such other times as the General Committee Meetings 
may appoint The place of each Annual Meeting shall be 
determined by the General Committee not less than two years 

in advance , and the arrangements for these meetings shall 
be entrusted to the Officers of the Association 

Chapter II 
The General Committee 

1 The General Committee shall be constituted of the Constitution 
following persons — 

(i) Permanent Memhei a — 

(a) Fast and present Members of the Council, and past 
and present Presidents of the Sections 



VI 


RULES OB THE BRITISH ASSOCIATION 


Admi«»sion 


Meetings 


Functions 


(6) Members who, by the publication of works or 
papers, have furthered the advancement of know- 
ledge in any of those departments which are 
assigned to the Sections of the Association 

(ii) Temporary Members — 

(а) Vice-Presidents and Secietaries of the Sections 

(б) Honorary Corresponding Members, foreign repre- 

sentatives, and other persons specially invited 
or nominated by the Council or General Officers 
(c) Delegates nominated by the Affiliated Societies 
{d) Delegates — not exceeding altogether three in 
number — ^from Scientific Institutions established 
at the place of meeting 

2 The decision of the Council on the qualifications and 
claims of any Member of the Association to be placed on the 
General Committee shall be final 

(i) Claims for admi<^sion as a Permanent Member must 

be lodged with the Assistant Secretary at least one 
month before the Annual Meeting 

(ii) Claims for admission as a Temporary Member may be 

sent to the Assistant Secretary at any time before or 
during the Annual Meeting 

3 The General Committee shall meet twice at least during 
every Annual Meeting In the interval between two Annual 
Meetings, it shall be competent for the Council at any time 
to summon a meeting of the General Committee 

4 The General Committee shall 

(i) Receive and consider the Report of the Council 

(ii) Elect a Committee of Recommendations 

(ill) Receive and consider the Report of the Committee 
of Recommendations 

(iv) Determine the place of the Annual Meeting not less 
than two years in advance 
(\) Determine the date of the next Annual Meeting 

(vi) Elect the President and Vice-Presidents, Local Trea- 

surer, and Local Secretaiies for the next Annual 
Meeting 

(vii) Elect Ordinary Members of Council 
(viii) Appoint General Officers 

(ix) Appoint Auditors 

(x) Elect the Officers of the Conference of Delegates 

(xi) Receive any notice of motion for the next Annual 

Meeting 
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Chapter III 

Committee of Recommendationa 

1 *The ex officio Members of the Committee of Recom- Constitution 
mendations are the President and Vice Presidents of the 
Association, the President of each Section at the Annual 
Meeting, the Chairman of the Conference of Delegates, the 

General Secretaries, the General Treasurer, the Trustees, and 
the Presidents of the Association m former years 

An Ordinary Member of the Committee for each Section 
shall be nominated by the Committee of that Section 

If the President of a Section be unable to attend a meeting 
of the Committee of Recommendations, the Sectional Com- 
mittee may appoint a Vice-President, or some other member 
of the Committee, to attend in his place, due notice of such 
appointment being sent to the Assistant Secretary 

2 Every recommendation made under Chapter IV and Functions 
every resolution on a scientific subject, which may be sub- 
mitted to the Association by any Sectional Committee, or by 

the Conference of Delegates, or otherwise than by the Council 
of the Association, shall be submitted to the Committee of 
Recommendations If the Committee of Recommendations 
approve such recommendation, they shall transmit it to the 
General Committee , and no recommendation shall be con- 
sidered by the General Committee that is not so transmitted 

Every recommendation adopted by the General Committee 
shall, if it involve action on the part of the Association, be 
transmitted to the Council , and the Council shall take such 
action as may be needful to give eflfect to it, and shall report 
to the General Committee not later than the next Annual 
Meeting 

Every proposal for establishing a new Section or Sub- 
Section, for altering the title of a Section, or for any other 
change in the constitutional forms or fundamental rules of 
the Association, shall be referred to the Committee of Recom- 
mendations for their consideration and report 

3 The Committee of Recommendations shall assemble, Piocedure 
for the despatch of business, on the Monday of the Annual 
Meeting, and, if necessary, on the following day Their 
Report must be submitted to the General Committee on the 

last day of the Annual Meeting 

* Amended the General Committee at Winnipeg, 1909 
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Chapter IV 
Research Comrmttees 

1 Every proposal for special research, or for a grant of 
money in aid of special research, which is made in any 
Section, shall be considered by the Committee of that Section , 
and, if such proposal be approved, it shall be referred to the 
Committee of Becommendations 

In consequence of any such proposal, a Sectional Com 
mittee may recommend the appointment of a Research 
Committee, composed of Members of the Association, to 
conduct research or administer a grant in aid of research, 
and in any case to report thereon to the Association , and the 
Committee of Recommendations may include such recom 
mendation in their report to the General Committee 

2 Every appointment of a Research Committee shall be 
proposed at a meeting of the Sectional Committee and adopted 
at a subsequent meeting The Sectional Committee shall 
settle the terms of reference and suitable Members to serve 
on it, which must be as small as is consistent with its efticient 
working , and shall nominate a Chairman and a Secretary 
Such Research Committee, if appointed, shall have power to 
add to their numbers 

3 The Sectional Committee shall state in their recommen- 
dation whether a grant of money be desired for the purposes 
of any Research Committee, and shall estimate the amount 
required 

All proposals sanctioned by a Sectional Committee shall 
be forwarded by the Recorder to the Assistant Secretary not 
later than noon on the Monday of the Annual Meeting for 
presentation to the Committee of Recommendations 

4 Research Committees are appointed for one year only 
If the work of a Research Committee cannot be completed 
111 that year, application may be made through a Sectional 
Committee at the next Annual Meeting for reappointment, 
with or without a grant — or a further grant — of money 

5 Every Research Committee shall present a Report, 
whether interim or final, at the Annual Meeting next after 
that at which it was appointed or reappointed Interim 
Reports, whether intended for publication or not, must be sub- 
mitted in writing Each Sectional Committee shall ascertain 
whether a Report has been made by each Research Committee 
appointed on their recommendation, and shall report to the 
Committee of Recommendations on or before the Monday of 
the Annual Meeting 



RESEARCH COBIMITTEES 


IX 


6 In each Research Committee to which a grant of money 
has been made, the Chairman is the only person entitled to call 
on the General Treasurer for such portion of the sum granted 
as from time to time may be required 

Grants of money sanctioned at the Annual Meeting 
expire on June 30 following The General Treasurer is not 
authorised, after that date, to allow any claims on account of 
such grants 

The Chairman of a Research Committee must, before 
the Annual Meeting next following the appointment of 
the Research Committee, forward to the General Treasurer 
a statement of the sums that have been received and ex- 
pended, together with vouchers The Chairman must then 
leturn the balance of the grant, if any, which remains un- 
expended , provided that a Research Committee may, in the 
first year of its appointment only, apply for leave to retain 
an unexpended balance when or before its Report is presented, 
due reason being given for such application ♦ 

When application is made for a Committee to be re- 
appointed, and to retain the balance of a former grant, and 
also to receive a further grant, the amount of such further 
giant IS to be estimated as being sufficient, together with 
the balance proposed to be retained, to make up the amount 
desired 

In making grants of money to Reseaich Committees, the 
Association does not contemplate the payment of personal 
expenses to the Members 

A Research Committee, whether or not in receipt of a 
grant, shall not raise money, in the name or under the auspices 
of the Association, without special permission from the General 
Committee 

7 Members and Committees entrusted with sums of money 
for collecting specimens of any description shall include in their 
Reports particulars thereof, and shall reserve the specimens 
thus obtained for disposal, as the Council may diiect 

Committees are required to furnish a list of any ap 
paratus which may have been purchased out of a grant made 
by the Association, and to state whether the apparatus is 
likely to be useful for continuing the research in question or 
for other specific purposes 

All instruments, drawings, papers, and other property of 
the Association, when not in actual use by a Committee, shall 
be deposited at the Office of the Association 
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♦ Amended by the General Committee at Dundee, 1 912 
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Chapter V 
Thj& Council 

1 The Council shall consist of ex officio Members and of 
Oidinary Members elected annually by the General Com- 
mittee 

(i) The ex officio Members are — the Trustees, past Presi- 

dents of the Association, the President and Vice- 
Presidents for the year, the President and Vice- 
Presidents Elect, past and piesent General Treasurers 
and General Secretaries, past Assistant General 
Secretaries, and the Local Treasurers and Local 
Secretaries for the ensuing Annual Meeting 

(ii) The Ordinary Members shall not exceed twenty- hve in 

number Of these, not moie than twenty shall have 
served on th(^ Council as Ordinary Members in the 
previous year 

2 The Council shall have authority to act, in the name and 
on behalf of the Association, in all matters which do not con 
flict with the functions of the General Committee 

In the interval between two Annual Meetings, the Council 
shall manage the affairs of the Association and may fill up 
vacancies among the Geneial and other Officeis, until the next 
Annual Meeting 

The Council shall hold such meetings as they may think 
fit, and shall in any case meet on the first day of the Annual 
Meeting, in order to complete and adopt the Annual Report, 
and to consider other matters to be brought before the General 
Committee 

The Council shall nominate for election by the General 
Committee, at each Annual Meeting, a President and General 
Officers of the Association 

Suggestions for the Presidency shall be considered by the 
Council at the Meeting in February, and the names selected 
shall be issued with the summonses to the Council Meeting in 
March, when the nomination shall be made from the names 
on the list 

The Council shall have power to appoint and dismiss 
such paid officers as may be necessary to carry on the work 
of the Association, on such terms as they may from time to 
time determine 
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3 Election to the Council shall take place at the same Elections 
time as that of the Officers of the Association 

(i) At each Annual Election, the following Ordinary 
Members of the Council shall be ineligible for re- 
election in the ensuing year 

{a) Three of the Members who have served for the 
longest consecutive period, and 
(6) Two of the Members who, being resident in or near 
London, have attended the least number of meet 
mgs during the past year 

Neveitheless, it shall be competent for the Council, hy 
an unanimous vote, to reverse the proportion in the 
order of retirement above set forth 

^ii) The Council shall submit to the General Committee, 
in their Annual Report, the names of twenty -three 
Members of the Association whom they recommend for 
election as Members of Council 
(ill) Two Members shall be elected by the General Corn 
mittee, without nomination by the Council , and this 
election shall be at the same meeting as that at which the 
election of the other Members of the Council takes place 
Any member of the General Committee may propose 
another member thereof for election as one of these two 
Members of Council, and, if only two are so proposed, 
they shall be declared elected , but, if more than two 
are so proposed, the election shall be by show of hands, 
unless five Members it least require it to be by ballot 
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The Piesident^ General Officers, and Staff 

1 The President assumes office on the first da;y of the The Presi- 
Annual Meeting, when he delivers a Presidential Address 

He resigns office at the next Annual Meeting, when he 
inducts his successor into the Chair 

The President shall preside at all meetings of the Associa 
tion or of its Council and Committees which he attends in his 
capacity as President In his absence, he shall be represented 
by a Vice-President or past President of the Association 

2 The General Officers of the Association are the General General 

Treasurer and the General Secretaries Officers 
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It shall be competent for the General Ofiiceis to act, in 
the name of the Association, m any matter of urgency which 
cannot be brought under the consideration of the Counci] , 
and they shall report such action to the Council at the next 
meeting 

3 The General Treasurer shall be responsible to the 
General Committee and the Council for the financial affairs 
of the Association 

4 The General Secretaries shall control the general 
organisation and administration, and shall be responsible to 
the General Committee and the Council tor conducting the 
correspondence and for the general routine of the work of 
the Association, excepting that which relates to Finance 

5 The Assistant Secretary shall hold office during the 
pleasure of the Council He shall act under the direction 
of the General Secretaries, and in their absence shall repre- 
sent them He shall also act on the diiections which may 
be given him by the General Treasurer in that part of his 
duties which i elates to the finances of the Association 

The Assistant Secietary shall be charged, subject as afore 
said (i) with the general organising and editorial work, and 
with the administrative business of the Association , (ii) with 
the control and direction of the Office and of all persons 
therein employed , and (iii) with the execution of Standing 
Orders or of the directions given him by the General Officers 
and Council He shall act as Secretary, and take Minutes, at 
the meetings of the Council, and at all meetings of Com- 
mittees of the Council, of the Committee of Recommendations, 
and of the General Committee 

6 The General Treasurer may depute one of the Staff, as 
Assistant Treasurer, to carry on, under his direction, the 
routine work of the duties of his office 

The Assistant Treasuier shall be charged with the issue of 
Membership Tickets, the payment of Grants, and such other 
work as may be delegated to him 


Chapter VII 
Finance, 

1 The General Treasurer, or Assistant Treasurer, shall 
receive and acknowledge all sums of money paid to the 
Association He shall submit, at each meeting of the 
Council, an interim statement of his Account, and, after 
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June 30 in each year, he shall prepare and submit to the 
General Committee a balance sheet of the Funds of the 
Association 

2 The Accounts of the Association shall be audited, Audit 
annually, by Auditors appointed by the General Committee 

3 The General Treasurer shall make all ordinary pay- Expenditure 
ments authorised by the General Committee or by the 

Council 

4 The General Treasurer is empowered to draw on the Investments 
account of the Association, and to invest on its behalf, 

part or all of the balance standing at any time to the credit 
of the Association in the books of the Bank of England, 
either in Exchequer Bills or in any other temporary invest- 
ment, and to change, sell, or otherwise deal with such tem- 
porary investment as may seem to him desirable 

5 In the event of the General Treasurer being unable. Cheques 
fiom illness or any other cause, to exercise the functions of 

his office, the President of the Association foi the time being 
and one of the General Secretaries shall be jointly empowered 
to sign cheques on behalf of the Association 


Chapter VIII 
The Annual Meetings 

1 Local Committees shall be formed to assist the General Local Offi 
Officers in making arrangements for the Annual Meeting, and oommittee*^ 
shall have power to add to their number 

2 The General Committee shall appoint, on the recom- 
mendation of the Local Reception or Executive Committee foi 
the ensuing Annual Meeting, a Local Treasurer or Treasurers 
and two or more Local Secretaries, who shall rank as officers 
of the Association, and shall consult with the Geneial Officers 
and the Assistant Secretary as to the local arrangements 
necessary for the conduct of the meeting The Local Treasurers 
shall be empowered to enrol Members and Associates, and to 
receive subscriptions 

3 The Local Committees and Sub-Committees shall under- Functions 
take the local organisation, and shall have power to act in the 

name of the Association in all matters pertaining to the local 
arrangements for the Annual Meeting other than the work of 
the Sections 
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Chapter IX 
The Work of the Sections 

1 The scientific work of the Association shall be tians- 
acted under such Sections as shall be constituted from time 
to time by the General Committee 

It shall be competent for any Section, if authorised by the 
Council for the time being, to form a Sub-Section for the 
purpose of dealing separately with any group of communica- 
tions addressed to that Section 

2 There shall be in each Section a President, two oi 
more Vice-Presidents, and two or more Secretaries They 
shall be appointed by the Council, for each Annual Meet- 
ing in advance, and shall act as the Officers of the Section 
from the date of their appointment until the appoint- 
ment of their successors in office for the ensuing Annual 
Meeting 

Of the Secretaries, one shall act as Recorder of the Section, 
and one shall be resident in the locality wheie the Annual 
Meeting is held 

3 The Section Rooms and the approaches thereto shall 
not be used for any notices, exhibitions, or other purposes 
than those of the Association 

4 The work of each Section shall be conducted by a 
Sectional Committee, which shall consist of the following — 

(i) The Officers of the Section during their term of office 

(ii) All past Presidents of that Section 

(ill) Such other Members of the Association, present at 
any Annual Meeting, as the Sectional Committee, 
thus constituted, may co-opt for the period of the 
meeting 

Provided always that — 

(а) Any Member of the Association who has served on 

the Committee of any Section in any previous year, 
and who has intimated his intention of being present 
at the Annual Meeting, is eligible as a member of 
that Committee at their first meeting 

(б) A Sectional Committee may co-opt members, as above 

set forth, at any time during the Annual Meeting, 
and shall publish daily a revised list of the members 
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(c) A Sectional Committee may, at any time during the 
Annual Meeting, appoint not more than three persons 
present at the meeting to be Vice-Presidents of the 
Section, in addition to those previously appointed 
by the Council 

5 The chief executive officers of a Section shall be the 
President and the Recorder They shall have power to act on 
behalf of the Section in any matter of urgency which cannot 
be brought before the consideration of the Sectional Com- 
mittee , and they shall report such action to the Sectional 
Committee at its next meeting 

The President (or, in his absence, one of the Vice Presi- 
dents) shall preside at all meetings of the Sectional Committee 
or of the Section His luling shall be absolute on all points 
of order that may arise 

The Recorder shall be responsible for the punctual trans- 
mission to the Assistant Secretary of the daily programme of 
his Section, of the recommendations adopted by the Sectional 
Committee, of the printed returns, abstracts, reports, or papers 
appertaining to the proceedings of his Section at the Annual 
Meeting, and for the correspondence and minutes of the 
Sectional Committee 

6 The Sectional Committee shall nominate, before the 
close of the Annual Meeting, not more than six of its own 
members to be members of an Organising Committee, with 
the officers to be subsequently appointed by the Council, and 
past Presidents of the Section, from the close of the Annual 
Meeting until the conclusion of its meeting on the first day of 
the ensuing Annual Meeting 

Each Organising Committee shall hold such meetings as 
are deemed necessary by its President for the organisation 
of the ensuing Sectional proceedings, and shall hold a meeting 
on the first Wednesday of the Annual Meeting to nominate 
members of the Sectional Committee, to confirm the Pro 
visional Programme of the Section, and to report to the 
Sectional Committee 

Each Sectional Committee shall meet daily, unless other 
wise determined, during the Annual Meeting to co-opt 
members, to complete the arrangements for the next day, and 
to take into consideration any suggestion for the advance 
ment of Science that may be offered by a memlier, or may 
arise out of the proceedings of the Section 

No paper shall be read in any Section until it has been 
accepted by the Sectional Committee and entered as accepted 
on its Minutes 
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Any report or paper read in any one Section may be lead 
also in any other Section 

. Ko paper or abstract of a paper shall be printed in the 
Annual Beport of the Association unless the manuscript has 
been recj^ved by the Recorder of the Section before the close 
of the Annual Meeting 

It shall be within the competence of the Sectional Com- 
mittee to review the recommendations adopted at preceding 
Annual Meetings, as published in the Annual Repot ts of the 
Association, and the communications made to the Section at 
its current meetings, for the purpose of selecting definite 
objects of research, in the promotion of which individual or 
concerted action may be usefully employed , and, further, to 
take into consideration those branches or aspects of knowledge 
on the state and progress of which reports are required to 
make recommendations and nominate ind\vidilals or Research 
Committees to whom the preparation of such reports, or the task 
of research, may be entrusted, discnmmatmg as to whether, 
and in what respects, these objects may be usefully advanced 
by the appropriation of money fiom the funds of the Associa 
tion, whether by leference to local authonties, public institu 
tions, or Departments of His Majesty’s Government The 
appointment of such Research Committees shall be made in 
accordance with the provisions of Chapter IV 

No proposal arising out of the proceedings of any Section 
shall be referred to the Committee of Recommendations unless 
it shall have received the sanction of the Sectional Com- 
mittee 

7 Papers ordeted to be printed m extemo shall not be 
included in the Annual Report, if published elsewhere prior 
to the issue of the Annual Report in volume form Reports 
of Research Committees shall not be published elsewhere 
than in the Annual Report without the express sanction of 
the Council 

8 The copyright of papeis ordered by the General Com- 
mittee to be pnnted in extemo in the Annual Report shall 
be vested in the authors , and the copyright of the reports 
of Research Committees appointed by the General Committee 
shall be vested in the Association 
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Chapter X 

Admiaaion of Members and Aaaociates 

1 No technical qualification shall be required on the Applications 
part of ail applicant for admission as a Member or as an 
Associate of the British Association ^ but the Council is 
empowered, in the event of special circumstances arising, to 

impose suitable conditions and restrictions in this respect 

* Every person admitted as a Member or an Associate Obligations 
shall conform to the Eules and Regulations of the Association, 
any infringement of which on his part may render him liable 
to exclusion by the Council, who have also authority, if they 
think it necessary, to withhold from any person the privilege 
of attending any Annual Meeting or to cancel a ticket of 
admission already issued 

It shall be competent for the General Officers to act, in 
the name of the Council, on any occasion of urgency which 
cannot be brought under the consideration of the Council , 
and they shall report such action to the Council at the next 
Meeting 

2 All Members are eligible to any office in the Association Conditions 

(i) Every Life Member shall pay, on admission, the sum and Privfieges 

^ i! m -D j ^ Member 

of Ten Rounds 

Life Members shall receive gratis the Annual 
Reports of the Association 

(ii) Every Annual Member shall pay, on admission, the 
sum of Two Pounds, and in any subsequent year 
the sum of One Pound 

Annual Members shall receive gratia the Report 
of the Association for the year of their admission 
and for the years in which they continue to pay, 
without intermiaaion, their annual subscription An 
Annual Member who omits to subscribe for any 
particular year shall lose for that and all future 
years the privilege of receiving the Annual Reports 
of the Association He, however, may resume 

his other privileges as a Member at any subsequent 
Annual Meeting by paying on each such occasion 
the sum of One Pound 

(lu) Every Associate for a year shall pay, on admission, 
the sum of One Pound 

* Amended by the General Committee at Dublin, 1008 
1914 a 
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Associates shall not receive the Annual Beport 
gratuitously They shall not be eligible to serve on 
any Committee, nor be qualified to hold any ofiGice in 
the Association 

(iv) Ladies may become Members or Associates on the 
same terms as gentlemen, or can obtain a Ladt/s 
T%cket (transferable to ladies only) on the payment 
of One Pound 

3 Corresponding Members may be appointed by the 
Qeneral"Committee, on the nomination of the Council They 
shall be entitled to all the privileges of Membership 

4 Subscriptions are payable at or before the Annual 
Meeting Annual Members not attending the meeting may 
make payment at any time before the close of the financial 
year on June 30 of the following year 

5 The Annual Report of the Association shall be forwarded 
grat%8 to indii iduals and institutions entitled to receive it 

Annual Members whose subscriptions have been inter- 
mitted shall be entitled to purchase the Annual Beport 
at two-thirds of the publication price , and Associates for a 
year shall be entitled to purchase, at the same price, the 
volume for that year 

Volumes not claimed within two years of the date of 
publication can only be issued by direction of the Council 


Chaptfr XI 

Cori esponding Societies Confei ence of Delegates 
Corresponding Societies are constituted as follows 

1 (i) Any Society which undertakes local scientific inves- 
tigation and publishes the results may become a 
Society affiliated to the British Association 

Each Affiliated Society may appoint a Delegate, 
who must be or become a Member of the Associa- 
tion and must attend the meetings of the Conference 
of Delegates He shall be ex officio a Member of 
the General Committee 

(ii) Any Society formed for the purpose of encouraging 
the study of Science, which has existed for three 
years and numbers not fewer than fifty members, 
may become a Society associated with the British 
Association 
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Each Associated Society shall have the right 
to appoint a Delegate to attend the Annual Con* 
terence Such Delegates must be or become either 
Members or Associates of the British Association, 
and shall have all the rights of Delegates appointed 
by the Affiliated Societies, except that of member- 
ship of the General Committee 

2 Application may be made by any Society to be placed 
on the list of Corresponding Societies Such application must 
be addressed to the Assistant Secretary on or before the Ist of 
J une preceding the Annual Meeting at which it is intended 
it should be considered, and must, in the case of Societies 
desiring to be affiliated, be accompanied by specimens of the 
publications of the results of local scientific investigations 
recently undertaken by the Society 

3 A Corresponding Societies Committee shall be an- 
nually nominated by the Council and appointed by the 
General Committee, for the purpose of keeping themselves 
generally informed of the work of the Corresponding Socie- 
ties and of superintending the preparation of a list of the 
papers published by the Affiliated Societies This Com- 
mittee shall make an Annual Report to the Council, and 
shall suggest such additions or changes in the list of Corre 
spending Societies as they may consider desirable 

(i) Each Corresponding Society shall forward every year 

to the Assistant Secretary of the Association, on oi 
before June 1, such particulars in regard to the 
Society as may be required for the information of 
the Corresponding Societies Committee 

(ii) There shall be inserted in the Annual Report of the 

Association a list of the papers published by 
the Corresponding Societies during the precedmg 
twelve months which contain the results of local 
scientific work conducted by them — those papers 
only being included which lefer to subjects coming 
under the cognisance of one or other of the several 
Sections of the Association 

4 The Delegates of Corresponding Societies shall consti- 
tute a Conference, of which the Chairman, Vice-Chairman, 
and Secretary or Secretaries shall be nominated annually by 
the Council and appointed by the General Committee The 
members of the Corresponding Societies Committee shall be 
ex officio members of the Conference 

(i) The Conference of Delegates shall be summoned by 
the Secretaries to hold one or more meetmgs during 
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Alterations 


each Annual Meeting of the Association, and shall 
be empowered to invite any Member or Associate 
to take part m the discussions 

(ii) The Conference of Delegates shall be empowered to 
submit Resolutions to the Committee of Recom- 
mendations for their consideration, and for report 
to the General Committee 

(ill) The Sectional Committees of the Association shall 
be requested to transmit to the Secretaries of the 
Conference of Delegates copies of any recommenda- 
tions to be made to the General Committee bearing 
on matters ih which the co-operation of Corre- 
sponding Societies is desirable It shall be com- 
petent for the Secretaries of the Conference of 
Delegates to invite the authors of such recom- 
mendations to attend the meetings of the Confeience 
in order to give verbal explanations of their objects 
and of the precise way in which they desire these 
to be carried into effect 

(iv) It shall be the duty of the Delegates to make 

themselves familiar with the purport of the several 
recommendations brought before the Conference, 
m order that they may be able to bring such re- 
commendations adequately before their respective 
Societies 

(v) The Confeience may also discuss propositions 

regarding the promotion of more systematic ob 
servation and plans of operation, and of greater 
uniformity in the method of publishing results 


Chaptfr XII 
Amendments and New Buies 

Any alterations in the Rules, and any amendments 
or new Rules that may be proposed by the Council or 
individual Members, shall be notihed to the General Com 
mittee on the first day of the Annual Meeting, and referred 
forthwith to the Committee of Recommendations ^ and, on the 
report of that Committee, shall be submitted for approval at 
the last meeting of the General Committee 
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TEUSTEES, GENERAL OFFICERS, &c , 1881-1914 


TRUSTEES 


1832>70 (Sir) R J. Mubchison (Bart ), 
FRS 

1832-62 John Taylob, Esq , F R S 
1832-39 0 Babbaob, Esq , F R S 
1839-44 F Baily, Esq , F R S 
1844-68 Rev G Pbacock, FRS 
1868-82 General E Sabine, FRS 
1862-81 Sir P Egbbton, Bart , F R S 


1872- /Sir J Lubbock, Bart (after- 
1913 ( wards Lord Avebuby), FRS 
1881-83 W Spottiswoode, Esq , Pres 
RS 

1883- Lord Rayleigh, FRS 
1883-98 Sir Lyon (afterwards Lord) 
Playfaib, FRS 

1898- Prof (Sir) A W RtJcKEB. FRS 
1913- Major P A MacMahon,FRS 


GENERAL TREASURERS 


1831 Jonathan Gbay, Esq 
1832-62 John Taylob, Esq , F R S 
1862-74 W Spottiswoodb, Esq , F R S 
1874-91 Prof A W Williamson, F R S 


1891-98 Prof (Sir) A W RiJckbr, 
FRS 

1898-1904 Prof G C Foster FRS 
1904- Prof John Pbbby, FRS 


GENERAL SECRETARIES 


1832-36 Rev W Vbbnon Habcoubt, 
FRS 

1836-36 Rev W Vbbnon Habcoubt, 
FRS, and F Baily, Esq, 
FRS 

1836- 37 Rev W Vbbnon Habcoubt, 

FRS,andR I Mubchison, 
Esq , F R S 

1837- 39 R I Mubchison, Esq , F R S , 

and Rev G Peacock, FRS 
1839-46 Sii R I Mubchison, FRS, 
and Major E Sabine, FRS 
1846-60 Lieut Colonel E Sabinb,FRS 

1860- 62 General E Sabine, FRS, and 

J F Roylb, Esq , P R S 

1862- 63 J F Roylb, Esq , F R S 

1863- 69 General E Sabine, FRS 
1869-61 Prof R Walkbb, IRS 

1861- 62 W Hopkins, Esq , F R S 

1862- 63 W Hopkins, Esq , F R S , and 

Prof J Phillips, FRS 

1863- 65 W Hopkins, Esq , F R S , and 

F GALTON, Esq , I R S 

1865- 66 F Galton, Esq , F R S 

1866- 68 F Galton, Esq , FRS, and 

Dr T A Hibst FRS 
1868-71 Dr T A Hibst, FRS, and Dr 
T Thomson, FRS 


1871- 72 Dr T Thomson,! RS ,andCapt 

Douglas Galton, FRS 

1872- 76 Capt D Galton, FRS, and 

Dr Michael I OSTBB, F R S 
1876-81 Capt D Galton, FRS, and 
Dr P L Sclateb, FRS 

1881- 82 Capt D GALfON, FRS, and 

Prof F M Balpoub, FRS 

1882- 83 Capt Douglas Galton, FRS 

1883- 96 Sii Douglas Galton, FRS, 

and A G Vernon Habcoubt, 

Esq , F R S 

1896- 97 A G Vbbnon Habcoubt, Esq , 

FRS, and Prof E A 

Schafer, FRS 

1897- r Prof Schafer, FRS, and Sir 
1900 \ W C Roberts- Austbn,F R S 

1900-02 Sir W C Robbrts-Austbn, 
FRS, and Dr D H ScOTT, 
FRS 

1902- 03 Dr D H Scott, FRS, and 

MajorP A MacMahon, FRS 

1903- 13 Major P A MacMahon, FRS, 

and Prof W A Hlbdman, 

FRS 

1913- Prof W A Hbbdm\n, FRS, 
and Prof H H Turner, F R S 


ASSISTANT GENERAL SECRETARIES, &c 1831-1904 


1831 John Phillips, Esq , 8eoreta/ry 

1832 Prof J D Forbes, Acting 

Secretary 

1832-62 Prof John Phillips, FRS 
1862-78 G Griffith, Esq , M A 
1881 G Griffith, Esq , M A , 
Secretary 


1881-86 Prof T G Bonney, FRS, 
Secretary 

1886-90 A T Atchison, Esq , M A , 
Secretary 

1890 G Griffith, Esq , M A , Acting 
Secretary 

1890-1902 G Griffith, Esq , M A 
1902-04 J G Gabson, Esq , M D 


ASSISTANT SECRETARIES 

1878-80 J E H Gordon, Esq , B A | 1909- 0 J R Howabth, Esq , M A 

1904-09 A Silva White, Esq | 



joh PRESIDENTS AND SECRETARIES OF SECTIONS (1901-18) 


Presidents and Secretaries of the Sections of the Association, 


1901-1913 

(The List of Sectional Officers for 1014 will be found on p xlvi ) 


Date and Place 


Presidents 


becietaries 
(Iftc =Recoidei) 


SECTION A ‘—MATHEMATICS AND PHYSICS 


1901 Qlaagow | 

1902 Belfast ' 

1903 Southport i 

1904 Cambridge 

1905 South Africa 

I 

1006 York 

1907 Leicester i 

I 

1908 Dublin 

I 

1909 Winnipeg 

1910 Sheffield 

1911 Portsmouth 
1012 Dundee 

1913 Birmingham 


Major P A MacMahon, F R S 
— Bep of Astronomy t Prof 
H H Turnei.FRb 
Pi of J Purser, LL D ,M R I A 
—Bep of Astronomy ^ Prof 
A Schuster, F R 8 
0 Vernon Boys, F R S — Bep 
of Astronomy and Meteor 
ologyjyv W N Shaw,F R S 
Prof H Lamb, FR8 — Suh 
Section of Ast'ionomy and 
Cosmical Physics^ Sir J 
Eliot, K C I B , F R S 
Prof A R Forsyth, M A , 
FRS 

Principal E H Griffiths, F R S 


Prof A L H Lo\e, MA, 
FRb 

Dr W N Shaw, FRS 


Prof E Rutherford, F K b 
Prof E W Hobson, h R b 
Prof H H Turner, E R S 
Piof H L Callendai, E Rb 

Dr H F Bakei,E RS 


H b Carslaw, 0 H Lees {Bee ), W 
Stewart, Prof L R Wilber force 

H b Carslaw , A R Hinks, A 
I Laimor, C H Lees (Ret ), Prof 
1 W B Moiton, A W Porter 
D E Benson, A R Hinks, R W 
H T Hudson, Dr C H Lees 
{Bee ), I Loton, A W Porter 
A R Hinks, R W H T Hudson, 
Dr C H Lees {Bee ). Dr W J S 
Lockyer, A W Porter, W C D 
Whetham 

A R Hinks, 8 S Hough R T A 
Innes, J H Jeans, Dr C H Lees 
{Bee) 

Dr L N G Filon, Dr J A Harker, 
A R Hinks, Prof A AV Porter 
{Bee ), H Dennis Taylor 
Ei L Brooks, Dr L N G Filon, 
Dr J A Harker, A R Hinks, 
Prof A W Porter {Rcc ) 

Di W G Duffield, Di L N G 
Filon. B Gold, Prof J A 
McClelland, Prof A W Porter 
I {Bee ), Prof E T Whittaker 
Prof F Allen, Prof J C Fields, 

I E Gold, E' Horton, Prof A W 
Porter {Bee ), Di A A Rambaut 
H Bateman, A S Eddington, £ 

’ Gold, Dr E Horton, Dr b R 
I Milner, Prof A W Porter {Bee ) 

' H Bateman, Piof P V Bevan, A S 
I Eddington, E Gold, Prof A W 
I Porter {Bee ), P A Yapp 
'Prof P V Bevan, E Gold, Dr H B 
' Hey wood, R Nome, Prof A W 
Poiter(i?^c), W G Robson, F 
J M btratton 

Piof P V Bevan (Bee ), Prof A 8 
Eddington, E Gold, Dr H 6 
Hevwood, Dr A O Rankine, Dr 
G A Shakespear 


^ Section A was constituted under this title in 1835, when the sectional division 
was introduced The previous division was into * Committees of Sciences ’ 
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Date and Place 


Presidents 


Secretaries 
{Itec = Recorder) 


1901 Glasgow 

1902 Belfast 

1903 Southport 

1904 Cambndge 

1905 South Africa 

1906 York 

1907 Leicester 

1908 Dublin 

1909 Winnipeg 

1910 Sheffield 

1911 Portsmouth 

1912 Dundee 

1913 Biimingbam 


SECTION CSEMISTRY 


Prof Percy F Frankland,, 
FRS 

Prof E Divers, FRS 

Prof W N Hartley. DSc, 
FRS 

Prof Sydney Young, FRS 

George T Beilby j 

Prof Wyndham R Dunstan,! 
FRS I 

Prof A Smithells, F S I 

I 

Prof F S Kipping, F R S I 


Plof H E Armstrong, FRS 


J E Stead, FRS 


Snh seUioih of Agriculture-^ 
A D Hall, FRS 
Prof J Walker, FRS 


Prof A Senier, M D 


Prof W P Wynne, h U S 


W C Anderson, G G Henderson, 
W J Pope,T K Rose(i2dtf) 

R F Blake, M O Forster, Prof 
G G Henderson, Prof W J Pope 
{Ree) 

Dr M O Forster, Prof G G Hen- 
derson, J Ohm, Prof W J Pope 
CRec) 

Dr M O Forster, Prof G G Hen- 
derson, Dr H O Jones, Prof 
W J Pope (Rec ) 

W A Caldecott, Mr M O Forster, 
Prof G G Henderson (Rec ), C F 
Juntz 

Dr E F Armstrong, Prof A W Cross- 
ley, 8 H Davies, Prof W J Pope 
(Rec) 

Dr B F Armstrong, Prof A W 
Crossley (Rec ), J H Hawthorn, 
Dr F M Perkin 

Dr B F Armstrong (Rec ), Dr A 
McKenzie, Dr F M Perkin, Dr 
J H Pollock 

Dr E F Armstrong (Rec ), Dr T 
31 Lowry, Dr F AI Perkin. J W 
Shipley 

Dr B F Armstrong (fiec ), Dr 1 
M Lowry, Dr F M Perkin, W 
B S Turner 

Dr C Crowther, J Golding, Dr 
E J Russell 

Dr B F Armstrong (Rco ), Dr 
C H Desch, Dr T M Lowry, 
Dr F Beddow 

Dr B F Armstrong (Rec), Dr C 
H Desch, Dr A Holt, Dr J K 
Wood 

Dr E F Armstrong {Rec ), Dr C H 
Desch, Dr A Holt, Dr H 
McCombie 


SECTION C 3-GEOLOGY 


1901 Glasgow 

1902 Belfast 

1903 Southport 


John Home, FRS H L Bowman, H W Monckton 

(Rec) 

Lieut Gen 0 A McMahon, H L Bowman, H W Monckton 
FRS (Rec), J St J Phillips, H J 

Seymour 

Prof W W Watt*?, M A , H L Bowman, Rev W L Carter, 
M Sc J Lomas, H W Monckton (Rec ) 


^ ‘ Chemistry and Mineralogy,’ 1835>1894 
* * Geology and Geography,* 1835-1850 
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Date and Place 

Presidents 

1904 Cambndge 

Aubrey Strahan, F R.S 

1905 SouthAfnea 

Prof H A Miers, M A , D Sc , 


FRS 

1906 York 

G W Lamplugh, FRS 

1907 Leicester 

Prof J W Gregory, FRS 

1908 Dublin 

Prof John Joly, FRS 

1909 Winnipeg 

Dr A Smith Woodward, 


FRS 

1910 Sheffield 

Prof A P Coleman, FRS 

1911 Portsmouth 

A Harker,FRS 

1912 Dundee 

Dr B N Peach, FRS 

1913 Birmingham 

Prof E J Garwood, M A 


Secretaries 
{Bee » Recorder) 

H L Bowman {Ret ), Rev W L 
Carter, J Lomas, H Woods 

H L Bowman {Reo }, J Lomas, Dr 
Molengraaff, Prof A Young, Prof 
R B Young 

H L Bowman {Bee'), Rev W L 
Garter, Rev W Johnson, J Lomas 

Dr F W Bennett, Rev W L Carter, 
Prof T Groom, J Lomas {Bee ) 

Rev W L Carter, J Lomas {Bee ), 
Prof S H Reynolds, H J Sey 
mour 

W L Carter Dr A R Dwerry- 
house, R T Hodgson, Prof S H 
Reynolds 

W L Carter ), Dr A R Dwerry 
house, B Hobson, Prof S H 

Reynolds 

Col C W Bevis,W L Oaxter {Bee), 
Dr A R Dwerry house. Prof b 
H Reynolds 

Prof W B Boulton, A W R Don, 
Dr A R Dwerryhouse {Bee), 

Prof S H Reynolds 

Prof W S Boulton, Dr A R 

Dwerryhouse {Bee ), F Raw, 
Prof S H Reynolds 


SECTION D ZOOLOGY 

1901 Glasgow Prof J Cossar Ewart, F R S ' J G Kerr {Btc ), J Rankin, J Y 

I Simpson 

1902 Belfast Prof G B Howes, I» R S Prof J G Kerr, R Patterson, J Y 

bimpson {Bee ) 

1903 Southport Prof S J Hickson, F R S Dr J H Ashworth, J Barcroft, 

A Quayle, Dr J Y Simpson 

{Reo ) Dr H W M Tims 

1904 Cambridge William Bateson, F R S Dr J H Ashworth, L Doncaster, 

Prof J Y Simpson {Bee ), Dr H 
W M Tims 

1906 SouthAfrica G A Boulenger, F R S Di Fakes, Dr Purcell, Dr H W M 

Tims, Prof J Y Simpson {Bee ) 

1906 York J J Lister, F R S Dr J H Ashworth, L Doncaster, 

Oxley Grabham, Dr H W M Tims 
I {Bee ) 

1907 Leicester Dr W E Hoyle, M A Dr J H Ashworth, L. Doncaster, 

, E E Lowe, Dr H W M Tims 

I {Rec ) 

1908 Dublin Dr 8 F Harmer, F R S Dr J H Ashworth, L Doncaster, 

Prof A Fraser, Dr H W M Tims 
{Bee) 

1909 Winnipeg Dr A E Shipley, F R S C A Baragar, C L Boulenger, Dr 

J Pearson, Dr H W M Tims 
I 1 {Bee ) 


* ‘ Zoology and Botany,’ 1836-1847 , ‘Zoology and Botany, including Physiology,’ 
1848>>1866 , ‘ Biology,’ 1866-1894 
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Date and Place 


Presidents 


Secretaries 
(Reo =: Recorder) 


1910 Sheffield 

191 1 Portsmouth 

1912 Dundee 

1913 Birmingham 


Prof G C Bourne, F R S 


Prof D’Arcy W Thompson, 
CB 

Dr P Chalmers Mitchell, 
FRfe 

Dr H F Gidow, J R 8 


Dr J H Ashworth, L Doncaster, 
T J Evans, Dr H W M Tims 
i^Rec ) 

Dr J H Ashworth, C Foran, R D 
Laurie, Dr H W M Tims (Rec) 

Dr J H Ashworth, R D Laurie, 
Miss D L Mackinnon, Dr H W 
M Tims (Reo ) 

Dr J H Ashworth, Dr C L 
Boulenger, R D Laurie, Dr H 
W M Tims (Reo ) 


1901 Glasgow 

1902 Belfast 

1903 Southport 

1904 Cambridge 

1905 South Afnca 

1906 York 

1907 Leicester 

1908 Dublin 

1909 Winnipeg 

1910 Sheffield 

1911 Portsmouth 

1912 Dundee 

1913 Birmingham 


SECTION E*— GEOGRAPHY 


Dr H R Mill, FRGS 
SirT H Holdich, KCB 


Capt E W Creak, RN,CB, 
FRb 

Douglas W Fieshfield 

Adm Sir W J L Wharton, 
RN,KCB,FRS 

Rt Hon Sir George Goldie, 
KCMG, FRS 

George G Chisholm, M A 

Major E H Hills, CMG, 
RE 

Col SirD Johnston,K CMG, 
CB,RE 

Prof A J Herbertson, M A , 
PhD 

Col C F Close, R E , C M G 

Col bii C M Watson, 
KCMG 

Prof H N Dickson, D Sc 


H N Dickson (Rec ), E Heawood, 
G Sandeman, A C Turner 
G G Chisholm (Rcc ), E Heawood, 
Dr A J Herbertson, Dr J A 
Lindsay 

E Heawood (Rec ), Dr A J Her 
bertson, E A Reeves, Capt J C 
Underwood 

E Heawood (Rec ), Dr A J Herbert- 
son, H Y Oldham, E A Reeves 
A H Cornish Bowden, F Flowers, 
Dr A J Herbertson (Rec ), H Y 
Oldham 

E Heawood (Rec ), Dr A J Her 
bertson, E A Reeves, G Yeld 
E Heawood (Rec ), O J R How 
arth, E A Jeeves, T Walker 
W 1 Bailey, W J Barton, 0 J R 
Howarth (Reo ), E A Reeves 
G G Chisholm (Rec ), J McFar 
lane, A McIntyre 
Rev W J Barton (Rec% Dr R 
Brown, J McFarlane,E A Reeves 
J McFarlane (Rcc ), E A Reeves, 
W P Smith 

Rev W J Barton (Rec ), J McFar 
lane, E A Reeves, D Wylie 
Rev W J Barton (Rec ), P E Mar 
tineau, J Mc£arlane,E A Reeves 


SECTION P 6— ECONOMIC SCIENCE AND STATISTICS 


1901 Glasgow 

1902 Belfast 


Sir R Giffen, K C B , F R S 
E Cannan, M A , LL D 


W W Blackie, A L Bowley, E 
Cannan (Rec ), S J Chapman 
A L Bowley (Reo), Prof b J 
I Chapman, Dr A Duffin 


^ Section E was that ot * Anatomy and Medicine,' 1835>I840 , of * Physiology * 
(afterwards incorporated in Section D), 1841-1847 It was assigned to * Geography 
and Ethnology,’ 1851-1868 , ‘ Geography,* 1869 
* ‘ Statistics,’ 1835-1856 




XXVI PRESIDENTS AND SECRETARIES OF SECTIONS ( 1901 - 18 ). 


Date and Place 

Presidents 

Secretanes 
(Reo = Recorder) 

1908 Southport 

B W Brabrook, C B 

A L Bowley (Reo), Prof S J 
Chapman, Dr B W Ginsburg, G 
Lloyd 

J E Bidwell, A L Bowley (Reo ), 
Prof S J Chapman, Dr B W 
Ginsburg 

1904 Cambndge 

Prof Wm Smart, LL D 

1905 SouthAfnoa 

Rev W Cunningham, D D , 

I D Sc 

I 

R A Ababrelton, A L Bowley ), 

Prof H E S Fremantle, H 0 
Meredith 

1906 York 

A L Bowley, M A 

Prof S J Chapman (Bee ), D H 
Maegregor, H 0 Meredith B 
S Rowntree 

1907 Lteicester 

Prof W J Ashley, M A ; 

1 

[Prof S J Chapman (Reo), D H 

1 Maegregor, H 0 Meredith, T S 
Tayloi 

1908 Dublin 

W M Acworth, M A 

1 

Sub sectwii of 4.gTic^Uture — 
Rt Hon Sir H Plunkett 

W G S Adams, Prof S J Chap- 
1 man (Reo ), Prof D H Maegre- 
gor, H 0 Meredith 

A D Hall. Prof J Percival, J H 
Priestley, Prof J Wilson 

1909 Wmmpeg 

Prof S J Chapman, M A 

Prof A B Clark, Dr W A Mana- 
han. Dr W R Scott (Reo ) 

1910 Sheffield 

Sir H Llewellyn Smith, C R Fay, H 0 Meredith (Reo ), 
K C B , M A Dr W R Scott. R Wilson 

1911 Portsmouth 

Hon W Pember Reeves 

C R Fay, Dr W R Scott (Itec ) 
H A Stibbs 

1912 Dundee 

Sir H H Cunynghame, KCB 

C R I ay, Dr W R Scott (Ree ), E 
Tosh 

1913 Birmingham 

Rev P H Wicksteed, M A 

C B Pay, Prof A W Kirkaldy, 
Prof H 0 Meredith, Dr W R 
bcott QJlff ) 


1901 Gla43gow 

1902 Belfast 
1908 Southport 

1904 Cambridge 

1905 SouthAfrica 

1906 York 

1907 Leicester 

1908 Dublin 

1909 Winnipeg 

1910 Sheffield 

1911 Portsmouth 


SECTION G ^—engineering 


R E Crompton, M Inst C B 

Prof J Perry, F R S 
C Hawksley, M Inst C E 

Hon C A Parsons, FRS 

Col Sir C Scott Moncrieff, 
GCSI,KCMG,RE 
J A Ewing, FRS 

Prof Silvanus P Thompson, 
FRS 

Dugald Clerk, FRS 

Sir W H White, KCB. 
FRS 

Prof W E Dalby, MA, 
M Inst C E 

Prof J H Biles, LLD, 

DSC 


H Bamford,W E Dalby, W A Price 
{Uec) 

IM Barr,W A Price (iZec),J Wylie 
IProf W B Dalby, W T Maccall, 

' W A Price 

' J B Peace,W T Maccall, W A Price 
{Her') 

jW T Maccall, W B Marshall ), 
Prof H Payne, B Williams 
W T Maccall, W A Price {Rec ), 

I J Triffit 

Prof B G Coker, A C Hams, 
W A Price (Reo >, H E Wimperis 
Prof E G Coker, Dr W E Lilly, 
W A Price (iZdc ),H E Wimpens 
B B Brydone Jack, Prof E G Coker, 
Prof E W Marchant. W A Price 
(Reo) 

F Boulden, Prof B G Coker (Reo ), 
j A A Rowse, H E Wimpens 
‘ H Ashley, Prof E G Coker (Reo ), 
A A Rowse, H E Wimpens 


’ ‘Mechanical Science,* 1836-1900 




PRESIDENTS AND SECRETARIES OF SECTIONS ( 1901 - 18 ) ZZTU 


Date and Place 

1912 Dundee 

1913 Birmingham 


Presidents 
Prof A Barr, D be 
Prof Oisbeit Kapp, D Eng 


Secretaries 
(^Rec = Recorder) 

Prof E G Coker {Rec ), A R Pul 
ton, H Richardson, A A Rowse, 
H E Wimpens 

Prof E G Coker J Purser, 

A A Rowse, H E Wimpens 


SECTION H ^—ANTHROPOLOGY 


1901 Glasgow I Prof D J Cunningham, W Crooke, Prof A F Dixon, J P 

I £ R S Gemmill, J L Myres {Rec ) 

1902 Belfast Dr A C Haddon, F R S R Campbell, Prof A F Dixon 

J L Myres (JRec ) 

1903 Southport Prof J Symington, F R 8 E ^allaize, H b Kmgsford, 

B M Littler, J L Myres {Rec ) 

1904 Cambndge H Balfour, M A W L H Duckworth, B N Fallaize, 

H S Kingsford, J L Myres {Ree ) 

1905 bouthAfrica ' Dr A C Haddon, IB RS A R Brown, A von Dessauer, E b 

' Hartland {Rec ) 

1906 York E bidney Hartland, F b A Dr G A Auden, E N Fallaize 

I {Recall S Kingsford, Dr F C 

Shrubsall 

1907 Leicester D G Hogarth, M A C J Billson, E N Fallaize {Rec 

I H b Kingsford, Dr F C bhrub- 

I sail 

1908 Dublin Prof W Ridgeway, M A E N Hallaize (Rec)y H 8 Kings- 

' ford. Dr F C Shrubsall, L E 

Steele 

1909 Winnipeg Prof J L Myre«?, MA H S Kingsford {Rev), Prof C J 

Patten Dr F C Shrubsall 

1910 Sheffield W Crooke, B A E N Fallaize (Rec), H b Kings 

ford, Prof C J Patten, Dr F C 
Shrubsall 

1911 Portsmouth W H R Rivers, M D , F R b E N Fallaize (Rec), H b Kings 

ford,E W Martindell, H Bundle, 
Dr F C Shrubsall 


1912 Dundee Prof G Elliot Smith, F R S D D Craig, E N Fallaize ), E 

Martindell, Dr F C Shrubsall 

1913 Biimingh'im Sir Richaid lemple, Bart E N F'allaize (Rec ), E W Martin 

! dell. Dr F C bhiubsall T leates 


SECTION I PHYSIOLOGY (including Experimental 
Pathology and Experimental Psychologi) 

1901 Glasgow Prof J G McKendrick, F R S , W B Brodie, W A Osborne, Prof 

I W H Thompson (i2^u ) 

1902 Belfast Prof W D Halliburton, J Barcroft, Dr W A Osborne 

F R b {Rec ), Dr C Shaw 

1904 Cambridge Prof C b Shemngton, F R S J Barcroft (ifec ), Prof T G Brodie, 

Dr L E Shore 

1905 South Africa Col D Bruce, C B , F' R,S J Barcroft {Rec ), Dr Baumann, 

Dr Mackenzie, Dr G W Robert 
son, Dr Stanwell 


^ Established 1884 


• Established 1894 



XXVm PRESIDENTS AND SECRETARIES OF SECTIONS ( 1901 - 13 ). 


Date and Place 

Presidents 

Secretaries 
(Beo =Recoider) 

1906 York 

Prof F Gotch, FRS 

jj Barcroft ), Dr J M Hamill, 

Prof J S Macdonald, Dr D S 
Long 

Dr N H Alcock, J Barcroft (Bet ), 
Prof J S Macdonald, Dr A 
Warner 

1907 Leicester j 

1 

Dr A D Waller, FRS 


1908 Dublin Dr J Scott Haldane, FRS 'Prof D J Coffey, Dr F T Hemng, 

! I Prof J S Macdonald, Dr H E 

I Roaf (Bee ) 

1909 Winnipeg )Prof E H Starling,FKS Dr N H Alcock ), Prof P T 

I I Herring, Dr W Webster 

1910 Sheffield Prof A B Macallum, FRS Dr H G M Henry, Keith Lucas, 

I i Dr H E Roaf (Beo ), Dr J T iit 

191 1 Portsmouth Prof J S Macdonald, BA Dr J T Leon, D** Keith Lucas, 

I I Dr H E Roaf ( ), Dr J lait 

1912 Dundee ' Leonard Hill, F R S Dr Keith Lucas, W Moodie, Dr 

H E Roaf (^Bec ), Dr J Tait 

1913 Birmingham Dr F Gowland Hopkins, C L Buit, Prof P T Herring, Dr 

(FRS T G Maitland, Dr H E Roaf 

1 (Bee ), Di J Tait 


SECTION BOTANY 

1901 Glasgow Prof I B Balfour, 1< R 8 D T Gwynne Vaughan, G i Scott 

Elliot, A C beward (Bet ), H 
Wager 

1902 Belfast Prof J R Green, h R S AG Tansley, Rev C H Waddell, 

H Wager (Bee ), R H Yapp 

1903 Southport A C Seward, FRS H Ball, A G Tansley, H Wager 

(if<'£t),R H Yapp 

1904 Cambridge Francis Darwin, FRS Dr 1 F Blackman, A G Tansley, 

Sub sectioti of Aqnculture — H Wager ), T B Wood,R H 

Dr W Somerville Yapp 

1906 SouthAfnea Harold Wager, IRS R P Gregory, Dr Marloth, Prof 

Pearson, Prof R H Yapp (Bee ) 

1906 York Prof F W Oliver, FRS Dr A Burtt, R P Gregory, Prof 

A G Tansley (Bey. ), Prof R H 
Yapp 

1907 Leicester Pi of J B h aimer, FRS W Bell, R P Gregory, Pi of A O 

Tansley (Bll ), Prof R H Yapp 

1908 Dublin Dr F F Blackman, FRS Prof H H Dixon, R P Gregorv, 

A G Tansley (Ihc)^ Piof R H 
Yapp 

1909 Winnipeg Lieut Col D Pram, C I E , Prof A H R Buller, Prof D T 

FRS Gwynne-Vaughan,Prof R H Yapp 

Sub-sectwn of AgiicuUure — (Bet ) 

I Major P G Craigie, C B W J Black, Dr E J Russell, Prof 
I J Wilson 

1910 Sheffield Prof J W H Trail, FRS B H Bentley, R P Giegory, Prof 

I D T Gwynne Vaughan, Prof 

I K H Yapp (Beo ) 

J911 Portsmouth Prof F E Weiss, D Sc C G Delahunt, Prof D T Gwynne 
> Vaughan, Dr C E Moss, Prof 

R H Yapp (Bet ) 

Sub sectum of Agriculture — J Golding, H R Pink, Dr E J 
W Bateson, M A , F R 8 ' Russell 


Established 1896 



FBbSlDENTS AND BECSETABIES OF SECTIONS ( 1901 - 18 ) XXIX 


Date and Place | Presidents | 

I 


Secretaries 
{Reo = Recorder) 


1012 Dundee IProf F Keeble, DSc J Brebner, Prof D T Gwynne 

I Vaughan (Bee), Dr C E Moss, 

D Thoday 

1013 Birmingham Miss Ethel Sargant, F L b 'W B Grove, Prof D T Gwynne 

I I Vaughan {Rec), Dr C E Moss, 

, 1 D Thoday 


SECTION L— EDUCATIONAL SCIENCE 


1901 Glasgow 

1002 Belfast 

1903 Southport 

1004 Cambndge 

1905 South Africa 
1006 York 

1907 Leicester 

1908 Dublin 

1900 Winnipeg 

1010 Sheffield 

1011 Portsmouth 

1012 Dundee 

19 H Birmingham 


Sir John E Gorst, F R b 


Prof H E Armstrong, F R S 


Sir W de W Abney, K C B , 
FR> 

Bishop of Hereford, D D 


Prof Sir R C Jebb, D C L , 
MP 

Prof M E Sadler, LL D 
Sir Philip Magnus, M P 


Prof L C Miall,FRS 


Rev H B Gray, D D 

Principal H A Mieis, F R S 

Rt Rev J E C Welldon, 
DD 

Prof J Adams, M A 


Piincipal E H Griffiths 
I RS 


R A Gregory, W M Heller, R Y 
Howie, C W Kimmins, Prof 
H L Withers (Rec^) 

Prof R A Gregory, W M Heller 
(Rec), R M Jones, Dr C W 
Kimmins, Prof H L Withers 
Prof R A Gregory, W M Heller 
(Rec)y Dr C W Kimmins, Dr H 
L Snape 

J H Flather, Prof R A Gregory, 
W M Heller (Rec ), Dr C W 
Kimmins 

A D Hall, Prof Hele Shaw, Dr C W 
Kimmins {Rec ), J R Whitton 
Prof R A Gregory, W M Heller 
{Rei ), Hugh Richardson 
W D Eggar, Prof R A Gregory 
(Rec)f J S Laver, Hugh Rich 
ardson 

Prof E P CulverweU, W D Eggar, 
George Fletcher Prof R A 
Gregory (^Rec ), Hugh Richardson 
W D Eggar, R Fletcher, J L 
Holland (Rec ), Hugh Richardson 
A J Arnold, W D Eggar, J L 
Holland {Riec ), Hugh Richardson 
W D Eggar, O Freeman, J L 
Holland {Rec ), Hugh Richardson 
D Berridge, Dr J Davidson, Prof 
J A Green (Rei )»Hugh Richard- 
son 

D Berridge, Rev S Blofeld, Prof 
J A Green {Rec), H Richard 
son 


SECTION M— AGRICULTURE 


1912 Dundee T H Middleton, M A 
1013 Birmingham Prof T B Wood, M A 


Dr C Crowther, J Golding, Dr A 
Lauder, Dr E J Russell {Rec ) 
W E Collmge, Dr C Crowther, 
J Golding, Dr S J Russell (iSao ) 



XXX CHAIRMEN AND SECRETARIES OF CONFERENCES OF DELEGATES 


CHAIRMEN AND SECRETARIES op the CONFERENCES OF 
DELEGATES OF CORRESPONDING SOCIETIES, 1901-14 ' 

1 

Date and Place Chairmen Secretaries 


1901 Glasgow F W Budler, F G b I Dr J G Garbon, A Somerville 

1902 Belfast Prof W W Watts, F G S B J Bles 

1903 Southport W Whitaker, F R S F W Rudler 

1904 Cambridge Prof E H Griffiths, F R S F W Rudler 

1906 London Dr A Smith Woodward , 'f W Rudler 

FRS 

1906 York Sir Edward Brabrook, C B F W Rudler 

1907 Leicester H J Mackinder, M A F W Rudler, ISO 

1908 Dublin Prof H A Miers, FRS W P D Stebbing 

1909 London Dr A C Haddon, FRS W P D Stebbing 

1910 Sheffield Dr Tempest Anderson , W P D Stebbing 

1911 Portsmouth Prof J W Gregory, FRS W P D Stebbing 

1912 Dundee Prof F O Bower, FRS W P D Stebbing 

1913 Birmingham Dr P Chalmers Mitchell, W P D Stebbing 

FRS 

1914 Le Havre Sir H George Fordham W IMark Webb 


EVENING DISCOURSES, 1901-1914 


Date and Place j Lecturer Subject of Discourse 

1901 Glasgow *Prof W Ramsay,FRS The Inert Constituents of the 

* Atmosphere 

hrancis Darwin, FRS The Movements of Plants 

1902 Belfast Prof J J Thomson, FRS Becquerel Rays and Radio activity 

Prof W F R Weldon, HRS Inheritance 

1903 Southport Dr R Munro I Man as Artist and Sportsman in the 

1 Palaeolithic Period 

Dr A Rowe The Old Chalk Sea, and some of its 

I Teachings 

1904 Cambridge Prof G H Darwin, P R S ' Ripple Marks and Sand-Dunes 

Prof H F Osborn Palaeontological Discoveries in the 

1905 South Rocky Mountains 

Africa 

Cape Town Prof E B Poulton, FRS W J Burchell’s Discoveries in South 

, Africa 

C Vernon Boys, FRS Some Surface Actions of Fluids 

Durban i Douglas W Freshfield I The Mountains of the Old World 

I Prof W A Herdman, FRS Marine Biology 
Pietermantz Col D Bruce, C B , F R S ' Sleeping Sickness 

burg H T Ferrar The Cruise of the * Discovery ’ 

Johannesburg Prof W E Ayrton, FRS The Distribution of Power 

Prof J O Arnold Steel as an Igneous Rock 

Pretoria A E Shipley, FRS Fly-borne Diseases Malaria, Sleep 

! I ing Sickness, &c 

Bloemfontein A R Hinks ihe Milky Way and the Clouds of 

Magellan 

Kimberley Sir Wm Crooked, FRS i Diamonds 

Prof J B Porter ^ 'The Bearing of Engineering on 

Mining 

Bulawayo , D Randall-MacIver The Rums of Rhodesia 


* Established 1885 



EVENING DISCOURSES, 


XXXI 


Subject of Discourse 


Volcanoes 

The Electrical Signs of Life, and 
their Abolition by Chloroform 
The Ark and the Spark in Radio- 
telegraphy 

Recent Developments in the Theory 
of Mimicry 
Halley’s Comet 

The Lessons of the Colorado Canyon 
The Seven Styles of Crystal Archi 
tecture 

Our Food from the Waters 
The Chemistry of Flame 

I jLxv,.. w ** « The Pressure of Light 

1910 Sheffield I Prof W Stirling, M D | Types of Animal Movement * 

I D G Hogarth New Discoveries about the Hittites 

101 1 Portsmouth , Dr Leonard Hill, F R S j The Physiology of Submanne Work 
Prof A C Seward, F K S Links with the Past in the Plant 

World 

Prof W H Bragg, F R S I Radiations Old and New 
Prof A Keith, M D The Antiquity of Man 

SirH H Cunynghame,K C B Explosions in Mines and the Means 

of Preventing them 

Dr A Smith Woodwaid, Missing Links among Extinct 
F R S Animals 

Sir Oliver J Lodge, h R S The Ether of Space 
Prof W J hollas, F R S Ancient Hunters 

Prof E B Poulton, F R S Mimicry 

Dr F W Dyson, F R S Greeni^ ich Observator\ 

Prof G Elliot Smith, F R S Primitive Man 
Sir E Rutherford, F R S Atoms and Electrons 
Prof H E Armstrong, F R S The Materials of Life 
Prof G W O Howe ! Wireless Telegraphy 


LECTURES TO THE OPERATIVE CLASSES 


Date and Place Lecturer | Subject of Lecture 


1901 Glasgow H J Mackinder, M A The Movements of Men by Lan^i 

; and Sea 

1902 Belfast Prof L C Miall, F R S Gnats and Mosquitoes 

1903 Southport Dr J S Flett 'Martimque and St Vincent the 

! Eruptions of 1902 

1904 Cambridge Dr J E Marr, F R S The Forms of Mountains 

1906 York Prof S P Thompson, F R S The Manufacture of Light 

1907 Leicester Prof H A Miers, F R S The Growth of a Crystal 

1908 Dublin Dr A E H Tutton, F R S The Crystallisation of Water 

1910 Sheffield C T Heycock, F R S Metallic Alloys 

1911 Portsmouth Dr H R Mill Ram 

‘ ' Popular Lectures,’ dehvered to the citisens of Winmpeg 
* Repeated, to the public, on Wednesdaj , September 7 


1912 Dundee i 

1913 Birmingham 

i 

1914 Australia 

Adelaide 

Melbourne 

Sydney 

Bnsbane 


Date and Place 


Lecturer 


1906 York 


Dr Tempest Anderson 
Dr A D Waller, F R S 


1907 Leicester W Duddell, FRS 


Dr F A Dii^ey 

1908 Dublin Prof H H Turner, FRS 

Prof W M Davis 

1909 Winnipeg Dr A B H Tutton, S R S 

Prof W A Herdman, FRS 
^ Prof H B Dixon, FRS 

1 T TT IT P 



XXXll 


LECTURES TO THE OPERATIVE CLASSES 


PUBLIC OR CITIZENS’ LECTURES 


Date and Place Lecturer Subject of Lecture 


1912 Dundee Prof B Moore, D Sc Science and National Health 

Prof £ G K Conner, M A I Prices and Wages 
Piof A Fowler, F R S The Sun 

1913 Birmingham Dr A C Haddon, F B S The Decorative Art of Savages 

Dr Vaughan Cornish The Panama Canal 

Leonard Doncaster, M A Recent Work on Heredity and its 

Application to Man 

. Dr W Rosenhain, F H S Metals under the Microscope 

Frederick Soddy, F R S The Evolution of Matter 

1914 Australia 

Perth Prof W A Herdman, F R S Why we Investigate the Ocean 
Prof A S Eddington, F R S Stars and their Movements 
H Balfour, M A Primitive Methods of Making Fire 

Prof A D Waller, F R S Electncal Action of the Human 

Heart 

C A Buckmaster, M A Mining Education in England 

Adelaide Prof E C K Conner, M A Saving and Spending 

Melbourne Dr W Rosenhain, F R S Making of a Big Gun 

Prof H B Dixon, F R S Explosions 

Sydney Prof B Moore, F R S Brown Earth and Brivht Sunshine 

Prof H H Turner, PR S Comets 
Brisbane Dr A C Haddon, FES Decorative Ait in Papua 



GRA^.& OF MONEV 


xxxm 


Oene'ial Statement of Sums whwh have been paid on account of 
Chants foi Scientific Purposes, 1901-1913 


1901 



£ 

s 

d 

Electrical Standards 

45 

0 

0 

Seismological Observations 

76 

0 

0 

Wave length Tables 
Isomorphous Sulphonic De 

4 

14 

0 

rivatives of Benzene 

Life zones in Biitish Car 

35 

0 

0 

bomferous Rocks 
Underground Water of North 

20 

0 

0 

west Yorkshire 

60 

0 

0 

V xploration of Irish Caves 
Table at tlie Zoological Sta 

15 

0 

0 

tion, Naples 

Table at the Biological La 

100 

0 

0 

boratorj , PI3 mouth 

Index Generura et Specierum 

20 

0 

0 

Animalium 

75 

0 

0 

Migration of Birds 

10 

0 

0 

Terrestrial Surface Waves 
Changes of Land level in the 

5 

0 

0 

Phlegiaean I lelds 
Legislation regulating Wo 
men’s Labour 

50 

0 

0 

15 

0 

0 

Small Screw Gauge 
Resistance of Road Vehicles 

43 

0 

0 

to Traction 

75 

0 

0 

Silchestei Exca\ation 
Ethnological Suivey of 

10 

0 

0 

Canada 

40 

0 

0 

Anthiopological Teaching 

6 

0 

0 

Exploration in Ciete 
Physiological Effects of Pep 

146 

0 

0 

tone 

30 

0 

0 

Chemistry of Bone Man ow 
Suprarenal Capsules in the 

5 

15 

11 

Rabbit 

5 

0 

0 

Fertilisation in Phajophyceae 
Morphology , 1 cology, and 

Taxonomy of Podoste 

15 

0 

0 

maceTe 

20 

0 

0 


Conesponding Societies Com 

mittee 15 0 0 

£920 9 11 


1002 

Electrical bbaodards 40 0 0 

Seismological Observations 15 0 0 

Investigation of the Upper 
Atmosphere by means of 
Kites 75 0 0 

Magnetic Observations at Fal 
mouth 80 0 0 

Relation between Absorption 
Spectra and Organic Sub 
stances 20 0 0 

1914 


1 

£ 

s 

d 

1 Wave length Tables 

1 Life zones in British Car 

5 

0 

0 

bomferous Rocks 

10 

0 

0 

Exploration of lush Caves 
Table at the Zoological 

45 

0 

0 

Station, Naples 

Index Generum et Specicrura 

100 

0 

0 

Animalium 

100 

0 

0 

’ Migration of Birds 

Structure of Coral Reefs of 

15 

0 

0 

, Indian Ocean 

1 Compound Ascidians of the 

50 

0 

0 

Clyde Area 

25 

0 

0 

Terrestrial Surface Waves 
' Legislation regulating Wo 

15 

0 

0 

men’s Laboui 

30 

0 

0 

Small Screw Gauge 

Resistance of Road Vehicles 

20 

0 

0 

to Traction 

Ethnological Survey of 

50 

0 

0 

Canada 

15 

0 

0 

Age of Stone Circles 

10 

0 

0 

Exploiation in Crete 

I Anthropometiic Investigation 

100 

0 

0 

of Native Egyptian Soldieis 
Excavations on the Roman 

15 

0 

0 

1 Site at Gelligaei 

6 

0 

0 

Changes in Hemoglobin 

1 Work of Mammalian Heait 

15 

0 

0 

j under Influence of Diugs 
Investigation of the Cyano 

20 

0 

0 

; phyceae 

' Recipiocal Influence of Uni 

10 

0 

0 

f versities and Schools, 

1 Conditions of Healtli essen 
, tial to carrying on Woik in 

5 

0 

0 

1 Schools 

Conesponding Societies Com 

2 

0 

0 

1 mittec 

15 

0 

0 


£947 0 0 


1001 

hleotrical btandaids 3 > 0 0 

Seismological Obsen-itions 40 0 0 

Investigation of the Upper 
Atmosphere by means of 
Kites 75 0 0 

Magnetic Observations at Fal 
mouth 40 0 0 

Study of Hydro aromatic Sub 

stances 20 0 0 

Erratic Blocks 10 0 0 

Exploration of Irish Caves 40 0 0 

Underground Waters of North 
west Yorkshire 40 0 0 

b 



xxxw 


(jrENERAL STATEMENT 


£ s d 

Life-zones in British Car 
boniferons Rocks 5 0 0 

Geological Photographs 10 0 0 

Table at the Zoological Sta 
tion at Naples 100 0 0 

Index Generum et Specierum 
Animalium 100 0 0 

Tidal Boie, Sea Waves, and 


Beaches 

15 

0 

0 

Scottish National Antarctic 
Expedition 

50 

0 

0 

Legislation affecting Women’s 
Labour 

25 

0 

0 

Researches in Crete 

100 

0 

0 

Age of Stone Circles 

3 

13 

2 

Anthropometric Investigation 

5 

0 

0 

Anthropometry of the Todas 
andothei Tribes of Southern 
India 

50 

0 

0 

The State of Solution of Pro 
teids 

20 

0 

0 

Investigation of the Cyano 
phjce^ 

25 

0 

0 

Respiration of Plants 

12 

0 

0 

Conditions of Health essential 
for School Instruction 

5 

0 

0 

Corresponding Societies Com 
mittee 

20 

0 

0 

£845 

13 

2 

1904 

Seismological Observations 

40 

0 

0 

Investigation of the Upper 
Atmosphere by means of 
Kites 

50 

0 

0 

Magnetic Observations at 
Falmouth 

60 

0 

0 

Wave length Tables of Spectra 

10 

0 

0 

Study of Hydro aromatic Sub- 
stances 

25 

0 

0 

Erratic Blocks 

10 

0 

0 

Life zones in British Car 
boniferous Rocks 

35 

0 

0 

Fauna and Flora of the 
Trias 

10 

0 

0 

Investigation of Fossiliferous 
Dnfts 

50 

0 

0 

Table at the Zoological Sta 
tion, Naples 

100 

0 

0 

Index Generum et Specierum 
Animalium 

60 

0 

0 

Development in the Frog 

15 

0 

0 

Researches on the Higher 
Crustacea 

15 

0 

0 

British and Foreign Statistics 
of International Trade 

25 

0 

0 

Resistance of Road Vehicles 
to Traction 

90 

0 

0 

Researches in Crete 

100 

0 

0 

Researches in Glastonbury 
Lake Village 

25 

0 

0 


£ a d 

Anthropometiic Investigation 
of Egyptian Tioops 8 10 0 

Excavations on Roman Sites 
in Biitain 25 0 0 

The State of Solution of Pro 
teids 20 0 0 

Metabolism of Individual 
{ Tissues 40 0 0 

' Botanical Photographs 4 8 11 

Respiiation of Plants 15 0 0 

I Expel imental Studies in 
I Heredity 35 0 0 

Corresponding Societies Com 
mittee 20 0 0 

£887 18 11 


I 


1005 


Electrical btandaids 

40 

0 

0 

Seismological Observations 

40 

0 

0 

Investigation of the Upper 
Atmosphere by means of 
Kites 

40 

0 

0 

Magnetic Observations at Fal 
mouth 

50 

0 

0 

Wave length Tables of Spec 
tra 

5 

0 

0 

Study of Hydro aromatic 
Substances 

25 

0 

0 

Dynamic Isomerism 

20 

0 

0 

Aiomatic Nitroamines 

25 

0 

0 

Fauna and 1 lora of the British 
Trias 

10 

0 

0 

Table at the Zoological Sta 
tion, Naples 

100 

0 

0 

Index Generum et Specierum 
Animalium 

75 

0 

0 

Development of the Frog 

10 

0 

0 

Investigations in the Indian 
Ocean 

160 

0 

0 

Trade Statistics 

4 

4 

8 

Researches in Crete 

75 

0 

0 

Anthropometric Investiga 
tions of Egyptian Troops 

10 

0 

0 

Excavations on Roman Sites 
in Britain 

10 

0 

0 

Anthropometriclnvestigations 

10 

0 

0 

Age of Stone Circles 

30 

0 

0 

The State of Solution of Pro 
teids 

20 

0 

0 

Metabolism of Individual 
Tissues 

30 

0 

0 

Ductless Glands 

40 

0 

0 

Botanical Photographs 

3 

17 

6 

Physiology of Heredity 

35 

0 

0 

Structure of Fossil Plants 

50 

0 

0 

Corresponding Societies Com 
mittee 

20 

0 

0 


£928 2 2 
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£ s d 

Electrical Standards 25 0 0 

Seismological Observations 40 0 0 

Magnetic Observations at J 'll 

mouth 50 0 0 

Magnetic Sur\ey of South 
Africa 99 12 6 

Wave length Tables of Spectra 6 0 0 

Study of Hydro aromatic Sub 

stances 26 0 0 

Aromatic Nitroamines 10 0 0 

Fauna and Flora of the British 

Trias 7 8 11 

Crystalline Rocks of Anglesey 30 0 0 

Table at the Zoological Sta 
tion, Naples 100 0 0 

Index Animalium 75 0 0 

Development of the h log 10 0 0 

Higher Cl ustacea 15 0 0 

Freshwater hishes of South 

Africa 50 0 0 

Rainfall and Lake and River 

Discharge 10 0 0 

Excav ations in Crete 100 0 0 

Lake Village at Glastonburj 40 0 0 

Excavations on Roman Sites 

in Britain 30 0 0 

Anthropometric Investiga 

tions in the British Isles 30 0 0 

State of Solution of Proteids 20 0 0 

Metabolism of Individual 
Tissues 20 0 0 

Effect of Climate upon Health 
and Disease 20 0 0 

Research on South African 
Cycads 14 19 4 

Peat Moss Deposits 25 0 0 

Studies suitable for Elemcn 

tary Schools 6 0 0 

Corresponding Societies Com 

mittee 25 0 0 

£882 0 9 

1007 


£ 8 d 

Correlation and Age of South 

African Strata, Ac 10 0 0 

Table at the Zoological 

Station, Naples 100 0 0 

Index Animalium 75 0 0 

Development of the Sexual 
Cells 1 11 8 

Oscillations of the Land Lev el 
in the Mediterranean Basin 50 0 0 

Gold Coinage in Circulation 
in the United Kingdom 8 19 7 
Anthropometric Investiga 


tions in the British Isles 

10 

0 

0 

Metabolism of Individual 

Tissues 

45 

0 

0 

The Ductless Glands 

25 

0 

0 

Effect of Climate upon Health 

ind Disease 

55 

0 

0 

Physiology of Hereditj 

30 

0 

0 

Research on bouth African 

Cycads 

35 

0 

0 

Botanical Photogiaphs 

5 

0 

0 

Structure of Fossil Plants 

5 

0 

0 

Marsh Vegetation 

15 

0 

0 

Coi responding Societies Com 

mittee 

lb 

14 

1 


£757 12 10 


1908 

Seismological Observations 40 0 0 

hurthei Tabulation of Bessel 

Functions 15 0 0 

Investigation of Uppei Atmo 

sphere by means of Kites 25 0 0 

Meteoi ological Observ at ions 

on Ben Nevis 25 0 0 

Geodetic Arc in Africa 200 0 0 

Wave length Tables of Spectra 10 0 0 

Studvof Hydro aromatic Sub 
stances 30 0 0 

Dynamic Isomeiism 40 0 0 

Transformation of Aromatic 

Nitroamines 30 0 0 


Electrical Standards 60 0 0 

Seismological Observations 40 0 0 

Magnetic Obseiv itions at 
h almouth 40 0 0 

Magnetic Survej of South 
Africa 26 7 6 

Wave length Tables of 
Spectra 10 0 0 

Study of H} dro aromatic 

Substances 30 0 0 

Dynamic Isomerism 10 0 0 

Life Zones in Bntish Car 
boniferous Rocks 10 0 0 

Erratic Blocks 10 0 0 

Fauna and Flora of British 
Trias 10 0 0 

F aunal Succession in the Car 
boniferous Limestone of 
South West England 16 0 0 


Eriatic Blocks 17 lb 6 

Fauna and Flora of British 

liias 10 0 0 

F lunal Succession in the Car- 
boniferous Limestone in the 
British Isles 10 0 0 

Pre Devonian Rocks 10 0 0 

Exact Significance of Local 
Terms 6 0 0 

Composition of Charnwood 

Rocks 10 0 0 

Table at the Zoological Station 

at Naples 100 0 0 

Index Animalium 75 0 0 

Hereditary Experiments 10 0 0 

Fauna of Lakes of Central 
Tasmania 40 0 0 

Investigations in the Indian 

Ocean 50 0 0 


b2 
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£ 

8 

d 

1 

£ 

s 

a 

Exploration in Spitsbergen 

30 

0 

0 

Age of Stone Circles 

30 

0 

0 

Gold Coinage in Circulation 




Researches in Crete 

70 

0 

0 

in the United Kingdom 

3 

7 

b 

The Ductless Glands 

35 

0 

0 

Electrical Standards 

50 

0 

0 

' Electrical Phenomena and Me- 




Glastonbury Lake Village 

30 

0 

0 

tabolism of Arum Spadwes 

10 

0 

0 

Excavations on Roman Sites 




1 Reflex Muscular Rhythm 

10 

0 

0 

in Britain 

15 

0 

0 

Anaesthetics 

25 

0 

0 

Age of Stone Circles 

60 

0 

0 

Mental and Muscular Fatigue 

37 

0 

0 

Anthropological Notes and 




Structure of Fo'^sil Plants 

5 

0 

0 

Queries 

40 

0 

0 

Botanical Photographs 

10 

0 

0 

Metabolism of Individual 




Expel imental Study of 




Tissues 

40 

0 

0 

Heredity 

SO 

0 

0 

The Ductless Glands 

13 

14 

8 

Symbiosis between Tur 




Effect of Climate upon Health 




bellarian Worms and Algae 

10 

0 

0 

and. Disease 

35 

0 

0 

' Survey of Clare Island 

b6 

0 

0 

Body Metabolism in Cancer 

30 

0 

0 

' Curricula of Secondary Schools 

5 

0 

0 

Electrical Phenomena and 




Coriespondmg Societies Com 




Metabolism of Arum Spa 




mittee 

21 

0 

0 

dwes 

10 

0 


£1 014 

9 

9 

Marsh Vegetation 

15 

0 

0 ' 




■M. 

Succession of Plant Remains 

18 

0 

0 I 

1 I'M U 




Coriespondmg Societies Com 




Measurement of Geodetic Arc 




mittee 

25 

0 

0 

in South Afiica 

100 

0 

0 





Republication of Electrical 




£1,157 

18 

8 

Standards Reports 

100 

0 

0 



MW 

MW 

Seismological Observations 

bO 

0 

0 





Magnetic Observations at 




lyuy 




Falmouth 

25 

0 

0 

Seismological Observations 

CO 

0 

0 

Investigation of the Upper 




investigation of the Upper At- 




Atmosphere 

25 

0 

0 

mosphere by means of Kites 

10 

0 

0 

Study of Hydro aromatic Sub 




Magnetic Observations at 




stances 

25 

0 

0 

Falmouth 

50 

0 

0 

Dynamic Isomensm 

S5 

0 

0 

Establishing a Solar Ob 




Transformation of Aromatic 




servatory in Australia 

60 

0 

0 1 

Nitroamines 

15 

0 

0 

Wave length Tables of Spectra 

9 

16 

0 

Electroanalysis 

10 

0 

0 

Study of Hydro aromatic Sub 




Faunal Succession in the Car 




stances 

15 

0 

0 ‘ 

boniferous Limestone in the 




Dynamic Isomerism 

35 

0 

0 , 

British Isles 

10 

0 

0 

Transformation of Aromatic 



1 

South African Strata 

5 

0 

0 

Nitroamines 

10 

0 

0 1 

Fossils of Midland Coalfields 

25 

0 

0 

Electroanalysis 

30 

0 

0 ! 

1 Table at the Zoological Sta 




Fauna and Flora of Biitish 




tion at Naples 

100 

0 

0 

Trias 

8 

0 

0 

Index Animalium 

75 

0 

0 

Faunal Succession m the Cai 




Heredity Expenments 

16 

0 

0 

boniferous Limestone in the 




Feeding Habits of British 




British Isles 

8 

0 

0 

Buds 

5 

0 

0 

Palaeozoic Rocks of Wales and 




Amount and Distribution of 




the West of England 

9 

0 

0 

Income 

1 5 

0 

0 

Igneous and Associated Sedi 




Gaseous Explosions 

73 

0 

0 

mentary Rocks of Glensaul 

11 

13 

9 

1 Lake Villages in the neigh 




Investigations at Biskra 

60 

0 

0 1 

bourhood of Glastonbury 

5 

0 

0 

Table at the Zoological Station 




1 Excavations on Roman Sites 




at Naples 

100 

0 

0 

1 in Britain 

5 

0 

0 

Heredity Experiments 

10 

0 

0 

Neolithic Sites in Northern 




Feeding Habits of British 




Greece 

5 

0 

0 

Birds 

5 

0 

0 

The Ductless Glands 

40 

0 

0 

Index Animalium 

75 

0 

0 

^ Body Metabolism in Cancer 

20 

0 

0 

Investigations in the Indian 




Anaesthetics 

25 

0 

0 

Ocean 

36 

0 

0 

1 Tissue Metabolism 

25 

0 

0 

Gaseous Explosions 

75 

0 

0 

1 Mental and Muscular Fatigue 

18 

17 

0 

Excavations on Roman Sites 




. Electromotive Phenomena in 




in Bntain 

5 

0 

0 

1 Plants 

10 

0 

0 
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1912 




fetiucture of lossil Plants 

10 

0 

0 ! 




Experimental Study of 

Heredity 

Surve} of Clare Island 
Corresponding Societies Com 
mittee 

30 

0 

0 ' 

Seismological Investigations 

£ 

60 

s 

0 

d 

0 

30 

20 

0 

0 

0 1 

1 

0 

Magnetic Observations at 
Falmouth 

Investigation of the Upper 

25 

0 

0 



Atmosphere 

30 

0 

0 

IT 

0 

Grant to International Com 




1911 




mission on Physical and 
Chemical Constants 

30 

0 

0 

feeismological Investigations 

60 

0 

0 

Further Tabulation of Bessel 




Magnetic Observations it 




Functions 

15 

0 

0 

Falmouth 

26 

0 

0 

Study of H}dro aromatic 




Investigation of the Upper 




Substances 

20 

0 

0 

Atmosphere 

25 

0 

0 

D} iiamic Isomerism 

30 

0 

0 

Grant to International Com 




Transformation of Aromatic 




mission on Physical and 




Nitioamines 

10 

0 

0 

Chemical Constants 

30 

0 

0 

Elect roanal} sis 

10 

0 

0 

Stuay of Hydro aromatic Sub 




Study of Plant Enz} mes 

30 

0 

0 

stances 

20 

0 

0 

Err It 1 C Blocks 

5 

0 

0 

Dynamic Isomerism 

25 

0 

0 

Igneous and Associ ited Rock^ 




Transformation of Aromatic 




of Glensaiil, Ac 

15 

0 

0 

Nitroammes 

15 

0 

0 

List of Characteristic I ossils 

5 

0 

0 

Electroanal} sis 

15 

0 

0 

Sutton Bone Bed 

16 

0 

0 

Influence of Carbon, Ac , on 




Bern budge Limestone at 




Corrosion of Steel 

15 

0 

0 

Creechbarrow Hill 

20 

0 

0 

C i} stalline Rocks of Anglesej 

2 

0 

0 

Table at the Zoological 




Mammalian F luna in Miocene 




Station at Naples 

50 

0 

0 

Deposits, Bugti Hills, Balu 




Index Ammaiium 

75 

0 

0 

chistan 

75 

0 

0 ' 

‘ Bel mullet Whaling Station 

20 

0 

0 

Table at the Zoological Sta 




Secondar} Sexual Characteis 




tion at Naples 

100 

0 

0 

in Buds 

10 

0 

0 

Index Ammahum 

75 

0 

0 

Ga«*eous Explosions 

bO 

0 

0 

deeding Ilibits of British 



1 

1 Lake Villages in the iieigh- 




Birds 

5 

0 

0 1 

1 bouihood of Glaston 




Belmiillet Whaling Station 

10 

0 

0 , 

, bill \ 

5 

0 

0 

Map of Prince Charles loie 




Artihcial Islands in High 




land 

30 

0 

0 

land Lochs 

10 

0 

0 

G iseous Explosions 

90 

0 

0 

Physical Cliai actor of Ancient 




Lake \ illages in the neigh 




Fg^ ptians 

40 

0 

0 

bouihood of Glastonburj 

6 

0 

0 

Excavation in Easter Island 

15 

0 

0 

Age of Stone Circles 

10 

0 

0 

Tht Ductless Glands 

35 

0 

0 

Artificial Islands in H gnland 




Calorimetric Ob^erNations on 




Lochs 

10 

0 

0 

Man 

40 

0 

0 

The Ductless Glands 

40 

0 

0 

Structiiie of Fossil Plants 

15 

0 

0 

Amesthetics 

20 

0 

0 

Experimental Study of 




Mental and Muscular Fatigue 

25 

0 

0 

Heredit} 

r> 

0 

0 

Flectromotive Phenomena in 




Survey of Claie Island 

20 

0 

0 

Plants 

10 

0 

0 

Jurassic Flora of Yorkshire 

15 

0 

0 

Dissociation of Oxy H emo 




Ovei lapping between Second 




globin 

25 

0 

0 

ar} and Highei Educa 




Stiucture of Fossil Plants 

15 

0 

0 

tion 

1 

IS 

6 

I xperimental Stud} of 




Curricula, Ac , of Industrial 




Heredit} 

46 

0 

0 

and Poor Law Schools 

10 

0 

0 

"^uivey of Claie Island 

20 

0 

0 

Influence of School Books 




Registration of Botanical 




upon E}esigbt 

3 

9 

0 

Photographs 

10 

0 

0 

Corresponding Societies Com 




Mental and Physical Factors 




mittee 

25 

0 

0 

involved in Education 

10 

0 

0 

Collections illustrating 




Corresponding Societies Com- 




Natural Histoiy of Isle of 




mittee 

20 

0 

0 

Wight 

40 

0 

0 

£>123 

0 

0 

1 £845 

7 

6 
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£ « d 

SeismolQgical Investigations 130 0 0 

Investigation of the Upper 
Atmosphere 25 0 0 

International Committee on 
Physical and Chemical 
Constants 40 0 0 

Calculation of Mathematical 
Tables 20 0 0 

Disposal of Copies of the 
‘ Binary Canon ’ 4 9 0 

Study of Hydro aromatic 
Substances 15 0 0 

Dynamic Isomerism 25 0 0 

Transformation of Aromatic 
Nitroammes 15 0 0 

Study of Plant Enzymes 25 0 0 

Correlation of Crystalline 
Form with Molecular btruc 
ture 25 0 0 

Study of Solubility Pheno 

mena 10 0 0 

List of Chaiactenstic 1^ ossils 5 0 0 

Geology of Kamsey Island 10 0 0 

Fauna and Flora of Trias of 
Western Midlands 10 0 0 

Critical Sections in Lower 
Palaeozoic Rocks 15 0 0 

Belmullet Whaling Station 20 0 0 

Nomenclature Animahum 
Genera et Sub genera 50 0 0 

Antarctic Whaling Industry 75 0 0 

Maps for School and Univer 
sity Use 40 0 0 

Gaseous Explosions 50 0 0 

Stress Distributions in Engi 
neermg Matenals 


£ s d 

Lake Villages in the Neigh- 
bourhood of Glaston- 
bury 20 0 0 

Age of Stone Circles 20 0 0 

Artificial Islands in the High 
' lands of Scotland 5 0 0 

Excavations on Roman Sites 
' in Britam 20 0 0 

Anthropometric Investiga- 
tions in Cyprus 50 0 0 

Palaeolithic Site in Jersey 50 0 0 

The Ductless Glands 55 0 0 

Calorimetric Observations on 
Man 40 0 0 

Structure and ^ unction of the 
Mammalian Heart 10 0 0 

Binocular Combination of 
Einematograph Pictures 0 17 0 

Structure of Fossil Plants 15 0 0 

Jurassic Flora of Yorkshire 5 0 0 

Flora of the Peat of the 
Eennet Valley 15 0 0 

Vegetation of Ditcham Park 14 4 3 

Physiologv of Heredity 30 0 0 

Breeding Experiments with 
GUnotheras 19 17 4 

Mental and Physical Fac 
tors involved in Educa- 
tion 20 0 0 

Influence of School Books on 
Eyesight 2 8 9 

Character, Work, and Mam 
tenance of Museums 10 0 0 

Corresponding Societies Com 
mittee 25 0 0 

jLl^^ie 4 


50 0 0 
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REPOET OF THE COUNCIL, 1913-14 

I The Council have to lecord their profound sorrow at the death of 
Sii David Gill, FES, ex-Piesident The following resolution wis 
conveyed to Lady Gill by the President — 

‘ The Council deeply regret the death of their late distinguished 
President, Sir David Gill, whose personality was so widely 
appreciated, and whose work for Astronomy at the Cape 
Observator}/ elevated it to the first rank, and they empowei 
the Officers to convey to Lady Gill and his family the r 
profound sympathy 

II Professor A Schuster, FES, has been unanimousl} nomi 
nated by the Council to fill tfie office of President of the Association 
for 1915-16 (Manchester Meeting) 

III Caird Fund — (a) Resolutions referred by the General 
Committee to the Council foi consideration and, if desirable, for action, 
were dealt with as follows — 

(1) * That the Council be asked to appoint a Committee to caiTv 
out the request of Sii J K Caiid in his lettei of 
September 10 (\iz , tint his fuithei gift of £1,000 be ear 
maiked for the study of Radio Activity as a branch of Geo- 
physics) ' 

It was resolved to appoint the following Committee to carry out the 
above request The President and General Officers, Sir E Rutherford, 
Mr F Soddy, and Sir J J Thomson The Committee was empowered 
to add to its numbei and to modify the condition attaching to the above 
gift, subject to the approval of Sir J K Caird 

(2) ‘ That the request of Section A (Mathematics and Phvsics) 
for a gi ant from the Caird Fund of £500 for Radio-telegraphic 
investigations be sent to the Council foi consider ation and 
action 

It was resohed that the above request be granted, and that the 
General Treasurer be empo^^ered to pay the sum named to the Chairman 
of the Committee appointed to conduct the said investigations 

(3) ‘ That a grant of £100 for the coming year be made to the 
Committee on the Naples Table from the Caird Fund, and 
that the Council be requested to consider the advisability of 
endowing the Committee by a capital sum yielding an annual 
income of £100 * 

It was resolved that a grant of £100 for the coming year be made 
to the Committee on the Naples Table from the Caird Fund, and that 
a grant of £100 be made annually in future to the Committee, subject 
to the adoption of its annual report 
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(4) ‘ That a grant of £100 for the coming year be made to the 
Committee on Seismological Investigations from the Caird 
Fund, and that the Council be asked to consider the 
advisability of endowing the Committee by a capital sum 
yielding an annual mcome of £100 ' 

It was lesohed that a grant of £100 for the coming year be made 
to the Committee on Seismological Investigations, and that a grant of 
£100 be made annually in future to the Committee, subject to the 
adoption of its annual report 

(6) An application to the Council from the ‘ Scotia ' Publication 
Committee (Scottish Antarctic Expedition) for a grant of £400 from the 
Caird JFund towards the expenses of the publication of the * Scientific 
Eesults of the Voyage of the “ Scotia ' was considered, and it was 
resolved that the application could not be entertained 

IV Eesolutions referred to the Council by the General Committee 
at Birmingham for consideration, and, if desirable, for action, were 
dealt with as follows — 

From Sections A and E 

‘That the terms Fust Order, Second Order, Thud Oidei, and 
Fourth Order of triangulation, as connoting definite degrees 
of precision, be used to describe tnangulation even though 
the terms now in use (e g , Major, Minor, &c ), which have 
only a local significance, are also employ^ ' 

' That this resolution be communicated through the proper 
channels to (a) the Geodetic Association, and (b) the Institute 
of Surveyors ’ 

The Council approved the principle of the above resolution, and 
resolved that Professor H H Turner and Captain H G Lyons be 
appointed a Committee to communicate, in the name of the Council, 
with the Geodetic Association and the Institute of Surveyors The 
Committee duly carried out this instruction 

From Section I 

‘ The Committee of Section I requests the Council of the 
Association to forward to the Board of Trade the following 
resolution — 

(i) That Colour Vision Tests are most efficiently conducted 
by means of what is known as the “ Lantern Test ** 

(ii) That the best form of such lantern has not yet been 
finally decided upon, and can be arrived at only after 
further expert report 

(ill) That the actual application of sight tests requires the 
co-operation of an ophthalmic surgeon with a practical 
navigator ' 

The Council, after careful consideration and consultation among 
members specially interested in this question, resolved to take no action 
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From Section I 

‘ That in view of the fact that numerous deaths continue to take 
place from anaesthetics administered by unregistered persons, 
the Committee of the Section of Physiology of the British 
Association appeals to the Council of the Association to repre- 
sent to the Home Office and to the Privy Council the urgent 
need of, legislation to protect the public against such 
unnecessary risks ' 

The Council appointed a Committee to consider and report upon 
the above resolution, and subsequently adopted the following resolution, 
which was transmitted to the Home Office — 

‘ The Council of the British Association desire to urge upon 
His Majesty's Government the necessity of introducing legis- 
lation on the subject of the administration of anassthetics, as 
recommended by the Departmental Committee of the Home 
Office, dated March 18, 1910, but with the addition to Becom- 
mendation (3) of a clause permitting administration by un- 
registered persons under the immediate superv ision of a person 
duly qualified The Council would point out that the recom- 
mendations of the General Medical Council are practically 
identical with those of the Departmental Committee, and that 
these recommendations have been approved by various 
academic and professional bodies, and also by the Council 
of this Association in 1910 * 

V In connection with the Magnetic Re-suivey of the British Isles, 
referred to in the Report of the Council for 1912-13, the Council 
agreed to the proposal of the Royal Society that a joint supervising 
committee of the Society and the Association be appointed, and the 
following members were appointed to lepresent the Association Sir 
Oliver Lodge, Prof J Perry, Prof H H Turner, Dr C Chree, 
Dr S Chapman, Dr P W Dyson, Dr R T Glazebrook 

The Council empoweied the Geneial Tieasurer to pay from the 
Caird Fund a sum not exceeding ^250 towards the cost of the Survey 

VI Australian Meeting — (i) At their meeting in December 1913 
the Council were informed as to the limit of the total numbei of the 
oveisea party which the Australian authorities had found it necessary 
to propose, having regard to the provision of suitable travelling 
facilities, &c , in Australia The Council weie also informed that by 
counting all doubtful or qualified intimations from members, and all 
applications for new membership, the limit above mentioned was 
already substantially exceeded It was resolved (a) that there should 
be no more admissions to the oversea party, excepting any member 
whose attendance the Australian Committee or the General Officers (in 
consultation, if necessary, with representatives of any particular 
Section) might decide to be of special importance to the scientific 
work of the meeting, (b) that iJae General Secretaries should be 
empowered to desire members whose intimations were qualified by 
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doubt to expiess their definite intentions bv a certain date, (c) that 
the Geneial Officers should be empoweied to take, in the name of the 
Council, any other measures which might appear necessary to effect 
a reduction in the total number of the oversea party 

(ii) Previously to the departure of Dr A 0 D Eivett, General 
Organising Secretary in Australia, from London in December 1913, it 
was resolved that the thanks of the Council be expressed to Dr Eivett 
for the assistance he had rendered in connection with the arrangements 
for the meeting during his visit to England, and to the authorities in 
Australia under whose direction he had paid this visit 

VII The Council resolved that the meetings of the Conference of 
Delegates of Corresponding Societies be held in Havre in August 1914 
on the occasion of the meeting theie of L ’Association Fran9aise pour 
TAvancement des Sciences 

In these circumstances the Council made the following appoint- 
ments on behalf of the Geneial Committee (in place of nominations, 
as usual) — 

Conference of Delegates — Sir H G Pordham (Chairman), Sir 
E Brabrook (Vice-Chairman), Mr W Mark Webb (Secretary) 

The following nominations aie made by the Council — 

Correspondtrtg Societies Committee — ^Mr W Whitaker (Chair- 
man), Mr W Maik Webb (Secretary), Eev J 0 Bevan, Sir Edward 
Brabrook, Sir H G Fordham, Dr J G Garson, Principal E H 
Griffiths, Di A C Haddon, Mr T V Holmes, Mr J Hopkinson, 
Mr A L Lewis, Eev TEE Stebbmg, and the President and 
General Officers of the Association 

VIII The Council have received an intimation from the Town 
Clerk of Cardiff that the Council and other authorities in that city 
intend to present an invitation to the Association to hold there its 
Meeting in 1918 

IX The Council have received reports from the General Treasurer 
during the past year In consequence of the early removal of the books, 
&c , from London to Australia, it has not been possible to prepare the 
usual annual accounts These will be audited and presented to the 
Geneial Committee at the Manche&tei Meeting (1915) 

X The retiring members of the Council are — 

Sir D Pram, Prof C S Sherrington, Prof F T Trouton, 
Di J E Marr, Piof J B Farmer 

The Council nominated the following new members — 

Dr F W Dyson, 

Miss E E Saunders, 

Prof E H Starling, 

leaving two vacancies to be filled by the General Committee without 
nomination by the Council 
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The full list of nominations of ordinaiy membeis is as follows — 


Prof H E Armstrong 
Sir E Brabrook 
Prof W H Bragg 
Dr Dugald Clerk 
Major P G Graigie 
W Crooke 
Prof A Dendy 
Dr F A Dixey 
Prof H B Dixon 
Dr F W Dyson 
Principal E H Griffiths 
Dr A C Haddon 


A D Hall 

Prof W D Halliburton 

Sir Everard im Thurn 

Alfred Lodge 

Capt fl G Lyons 

Prof B Meldola 

Prof J L Myres 

Miss E B Saunders 

Prof E H Starling 

T J H Tcall 

Prof S P Thompsoa 


XI The General Officers have been nonuncited by the Council 
as follows — 

General Treasurer Prof J Periy 
General Secretaries Prof W A Heidman 
Pi of II II Tuiner 


XII The following have been admitted as members of the General 
Committee — 


Prof H S Carslaw 

Prof W T Dakin 

Piof T W Edgeworth D i\ id 

Prof W G Duffield 

Mr A du Toit 

Prof A J Ewart 

Mr J T Ewen 

Piof H J Fleure 

Mr Willoughby Gardnei 

Prof Keir Grant 

Mr C Hedley 

Prof W A Jollv 

Dr C F Juritz 


Piof T Lyle 
Dr H McCombit 
Ml J H Maiden 
Dr B B Maiett 
Prot Orme Masson 
Dr N V SidgwKk 
Prof C Michie Smith 
Piof W Baldwin Spencer 
Prof B D Steele 
Prof E C Stirling 
Di W E Sumpner 
Mdjoi A J N Tremeiine 
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Df THE GENERAL TREASURER IN ACCOUNT 

ADVANCEMENT OF SCIENCE, 


X913-1914 RECEIPTS 

Balance brought forward 

Life Compositions (including Iransfers) 

Annual Subscriptions 

New Annual Members’ Subscriptions 

Sale of Associates’ Tickets 

Sale of Ladies’ Tickets 

Sale of Publications 

Sir James Caird’** Gift (Radio activit}^ Investigation) 
Interest on Deposits 
- Llojds Bank, Birmingham 
Bank of Scotland, Dundee 

Unexpended Balances of Giants returned l $ d 

lossil Plants 0 10 1 

Coi respond ing bocietie« Committee 1 14 S 

Juiassic Flora S H 1 

Dividends on In\ estments 

Consols 114 4 8 

India S per Cent Stock 101 14 0 

Great Indian Peninsula Railway ‘ B ’ Annuity 29 1 6 

Dividends on ‘ Caird 1 und ’ Investments 

London and North Western Railway Consoli 

dated 4 per Cent Preference Stock 94 1 1 

London and South Western Railwa} do do 94 4 

India 3 J per Cent Stock 86 11 8 

Canada SJ per Cent Registered Stock 82 7 10 


£ I d 

1,376 13 3 
549 0 0 
782 0 0 
^56 0 0 
1,266 0 0 
290 0 0 
248 2 0 
1,000 0 0 

52 0 10 
Z 16 11 


5 19 0 


265 0 2 


157 6 2 


Australian Government Subsid) 1914 Meeting 16,000 0 0 

Mem Receipts on account of the Australiin Meeting 
(1914), amounting to £243 are not included in thisaccoun*, 
but are paid to a separate (No 2) account at the Lank 


Ini e^fment^ 

Nominal Amount Value 30tb June, 1914 

& M d £ s d 

6,701 10 6 2J per Cent Consolidated Stock 4,276 2 10 

3.600 0 0 India 3 per Cent Stock 2,700 0 0 

879 14 9 £43 Great Indian Peninsula Railway 

‘B * Annuity (cost) 849 5 0 

2,627 0 10 India 3^ per Cent Stock, ‘ Caird I und ’ 2,338 1 4 

2.600 0 0 London and North Western Railway 

Consolidated 4 per Cent Preference 
Stock, ‘ Caird Fund ’ 2,600 0 0 

2,500 0 0 London and South Western Railway 

Consolidated 4 per Cent Preference 
Stock, ‘Caird I und’ 2,476 0 0 

2,600 0 0 Canada 3^ per Cent 1930-1960 Regis 

tered Stock, ‘ Caird Fund ’ 2,226 0 0 

Sir Frederick Bramwell’s Gift — 

78 12 7 Self cumulating Consolidated Stock 

[To be awarded in 1931 for a paper £21,649 18 4 

dealing with the whole question assa-sss—sa 

of the Prime Moiersof 1931, and 
especially with the then relation 
between steam engines and internal 
combustion engines ] 


John Pebby, General Treasurer 
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WITH THE BBITISH ASSOCIATION FOB THE Or 

July 1, 1918, to June 30, 1914 


1913-1914 PAYMENTS 


Bent and Office Expenses 
Salanes, See 
Printing, Binding, Sec 
Expenses of Birmingham Meeting 
Payments on account of Australian Meeting 
Grants to Research Committees — £ » 

Seismological luvestiRations 13J 0 

Investigation of the Upper Atmosphere 25 0 

International Committee on Pb> steal and CheuuLal Con tants 40 0 
Calculation of Mathematical Tables JO 0 

Disposal of Copies of the * Binary Canon 4 9 

Study of Hydro-aromatic Substances 15 0 

Dynamic Isomerism 25 0 

Transformation of Aromatic Nitroamiiies 15 0 

Study of Plant Ln/ymes 25 0 

Corrdation of Cr}stalline Form With Molecular Structure 25 0 

Study of Solubility Phenomena 10 0 

List of Characteristic Fo«sils 5 U 

Oiolcgy of llamsc' Island 10 0 

l-auna and Flora of Tr as of \\ estein Midlands 10 0 

Critical Sections in Lower Palaeozoic Bocks 1 5 0 

Belmullet Wliahng Station 20 0 

Nomenclature Aiiimalium Genera et Sub geuer i 50 0 

Antarctic Whaling Industry 7a 0 

Maps for School and University U e 40 0 

Gaseous Explosions 'lO 0 

Stress Distributions in Engineering Materials 50 0 

Lake Villages in the neighbourhood of Glastonbury 20 0 

Age of Stone Circ es 20 0 

Artificial Islands in the Highlands < f Scotlai d 5 0 

Excavations on Homan Sites in Britain 20 0 

Anthropometric luvestigatior 8 in Cyprus 50 0 

Paleeolithic Site in Jersey 50 0 

1 he Ductless Gliiids So 0 

( alonmetric Observations on Man 40 0 

Structure and Function of the Mammalian Heart 30 0 

Binocul ir Combination of Kinematograph Pictures 0 17 

Structure of ro«8il Plants 1 5 0 

J urassic Flora of \ orkshlre 5 0 

I Ion of the Peat of the Kennet Valley 15 0 

Vegeta ion of Uitcham I ark U 4 

Physiology of Heredit> 30 0 

Bleeding Experiments with Oiiuotheras 19 17 

Mental and Pbisical Factoia iuvolved in Education 20 0 

Influence of School Books on E} esight 2 8 

Character Woik, and Maintenance of Museums 10 0 

Corresponding Societies Committee 25 0 


a 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

u 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

3 
0 

4 
0 
9 
0 
0 


Grants made from ‘ C iird Fund ’ 


£ 8 d 

167 0 7 
768 11 9 
1,215 8 10 

165 11 2 
44 4 9 


1 086 lb 4 
773 0 0 


Amounts paid to Grantees fiom Australian Government 
Subsidy 1914 Meeting 14,950 0 0 

Balance at Lloyds Bank, Birmingham (including £, $ d 

accrued Interest) 1,676 12 -J 

Balance at Bank of England, 

Western Branch On Generil 
A( count £933 1 10 

Li ^8 Overspent on * Caird 1 und * 226 6 b 


Petty Cash in hand 


706 16 
3 17 


^ 2,387 4 
£21,549 18 


in Account oj ±,864 6^ 6</ is outstanding due to Messrs Spottistvoode ^ Co 


I have examined the above Aooount with the Books and \ ouohers of the Association, and certify the 
same to be correct I have also verified the Balance at the Bankers and have ascertained that the Invest 
meiits are registered in the names cf the Trustees. Mr B Charter td Accountant 

AppiovM — _ Decemfter 2, 1914 


I*DWARD BRABROOK, I , 

Hfrbebt McLeod, } 
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GENERAL MEETINGS, 1914 

The General Meetings held in Australia will be found mentioned in 
the course of the Narrative on pp 679, seqq A Narrative of the Visit of 
Members to the Meeting of L’ Association FranQaise at Le Havre, with an 
account of the meetings held there, is given on p 720 


OFFICERS OF SECTIONS AT THE AUSTRALIAN 
MEETING, 1914 

SECTION A — MATHEMATICAL AND PHYSICAL SCIENCE 

President — ^Prof F T Trout on, FRS {in absentia) Vtce-Pi esidentb — 
Prof E'W Brown, FRS , Prof H S Caislaw, FRS , Sir Oliver J Lodge, 
FRS, Prof A W Porter, FRS , Sir E Rutherford, FRS Secretaries — 
Prof A S Eddington, F R S {Recordei), E Gold, M A , Prof S B McLaren, 
M A , A O Rankme D Sc , Prof T R Lyle, FRS (Local Sec , Melbourne) , 
Prof J A Pollock, D Sc (Local Sec , Sydney) 

SECTION B — CHEMISTRY 

President — Prof W J Pope, FRS Vice-Pi esidents — Pi of F Clowes, 
D Sc , Prof H B Dixon, FRS, Prof Orme Masson, FRS, Prof E H 
Rennie, D Sc , Prof B D Steele, D Sc Secietanes — A Holt, D Sc (Recordet), 
N V Sidgwick, D Sc , D Avery, M Sc (Local Sec , Melbourne) , Prof 0 
Fawsitt, D Sc (Local Sec , Sydney) 

SECTION C — GEOLOGY 

Pi esident — Prof Sir T H Holland, K C I E , FRS Vice-Pt esidents — 
Prof W S Boulton, D Sc , Prof T W Edgeworth David, 0 M G , H 
Herman, Prof W J Sollas, FRS , Prof Woolnough, D Sc Secietanes — 
A R D werry house, D Sc {Recoider), Prof S H Reynolds, M A , Prof E W 
Skeats, D Sc (Local Sec , Melbourne) , E F Pittman, A R S M (Local Sec , 
Sydney) 


SECTION D — ZOOLOGY 

Pi esident — Prof A Dendy, D Sc , FRS Vice-Pi esidents — Prof C B 
Davenport, Prof W A Has well, FRS , Prof H Jungersen, Dr 0 Maas, 
Prof E A Mmchin, FRS , Prof Baldwin Spencer, C M G , FRS Sccie- 
tames — Prof H W Marett Tims, MA, MD {Recot der)y J H Ashworth, 
DSc , R Douglas Laurie, M A , T S Hall, D Sc (Local Sec, Melbourne) , 
Prof W A Haswell, D be , F R S (Local Sec , Sydney) 

SECTION B — GEOGRAPHY 

President — Sir Charles P Lucas, K 0 B , K 0 M G Vice-Presidents — Prof 
G uido Cora , Prof T W Edgeworth David, 0 M G , Capt J K Davis , Prof 
W M Davib, Sir John Forrest , Prof A Penck Secretaries — H Yule Oldham, 
MA {Recot der), J McFarlane, MA , J A Leach, MSc (Local Sec , Mel- 
bourne , F Poate (Local Sec , Sydney) 

SECTION F — ECONOMIC SCIENCE AND STATISTICS 

President — ^Piof E C K Gonner, M A Vice-Presidents — S Ball , T R 
Bavin, Demson Miller, H Y Braddon, Harrison Moore Secietanes — ^Prof 
A W ]£irkaldy,M A , M Com {Recorder) , Prof H O Meredith, M A , M Com , 
G H Knibbs, 0 M G (Local Sec , Melbourne) , Prof R F Irvine, M A (Local 
Sec., Sydney) 
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SECTION G — ENGINEERING 

Ptesident — Prof E G Coker, DSc Vice-Piesidenta — W Davidson, H 
Deane, M A , Prof G Forbes, F R S , Col J Mouasli , Prof J E Petavel, 
F R S Secreianea — Prof G W O Howe, M Sc {Recorder) , Piof W M 
Thornton, DSc , Prof II Pa^^ne (Local Sec , Melbourne) , Prof W II Warren 
(Local Sec , Sydney) 


SECTION n —ANTHROPOLOGY 

Riea%dent — Sir Everard im Thiirn, CB, KCMG Vwe-Pf eaidenta — 
H Balfour, MA , Dr Etheridge, Dr A C Haddon, FRS , Prof F von 
Luschan , Prof Baldwin Spencer, C M G , FRS , Prot E C Stirling, FRS 
Sectetanea — R R Marett, MA, DSc (Recorder), B Malinowski, PhD, 
Prof R J A Berry, M D (Local Sec , Melbourne) , Piof J T Wilson, M B , 
FRS (Local Sec , Sydney) 

SECTION I— PHYSIOLOGY 

Pieaident — Prof Benjamin Moore, FRS Vice-TieaidenU — Prot W D 
Halliburton, FRS, Prof Sii E A bchafei, FRS, Plot E C Stirling! 
FRS Secietariea—Rxoi P T Hening, MD (Rtcoider), Prof T H Milroy, 
M D , Prof W A Osborne, 1) Sc (Local Sec , Melbourne) , Prof Sii T P 
Anderson Stuart, M D , LL D (Local Sec , Sydney) 


SECTION K — BOTANY 

Pieatdent — Prof F O Bowei, FRS Vice-Fi esidenta — J H Maiden, 
F L S , Miss E R Saunders, b L S , Prot A C Seward, FRS Sect etat tea — 
Prof T Johnson, DSc {Recot det). Miss E N Thomas, DSc , Prof A J 
Ewart, D Sc (Local Sec , Melbourne), Prof A Anstruthcr Lawson, Ph D ,1) Sc 
(Local Sec , Sydney) 


SECnON L — EDUCATIONAL SCIENCE 

Pteatdent — Prof J Perry, FRS Vice-Pteaidenta — Prot H E Armstrong, 
FRS , C A Buckmaster, M A , G T Moody, D Sc Secretatiea — Prot J A 
Green, MA {Recot der), C \ Buckmaster, M 1 , J Smyth, MA (Local 
Sec, Melbourne), P Board, M A (Local Sec, Sydney) 


SECTION M — AGRICULTURE 

President — A D Hall, FRS Vute-Preaidenta —E S Beaven, FCS , 
Piof T B Wood, M A Sectetanea — J Golding,F I C (iZcco/rfc/) , A Lauder, 
D Sc , Piof T Cherry, M Sc (Local Sec , Melbourne) , Prof R D Watt, M A 
(Local Sec , Sydney) 


CONFERENCE OF DELEGATES OF CORRESPONDING 
SOCIETIES (HAVRE, 1914) 

Chaitman — Sir H G Fordham Vice Chainnan E Brabrook 

Secretaty — ^W Mark Webb 



ATTENDANCES AND EECEIPTS 


Table shouovng Attendances and Receipts 


Date of Meeting 


Old Life New Life 
Members Members 


1831, Sept 27 

1832, June 19 

1833, June 25 

1834, Sept 8 

1835, Aug 10 

1836, Aug 22 

1837, Sept 11 

1838, Aug 10 

1839, Aug 26 

1840, Sept 17 

1841, July 20 

1842, June 23 

1843, Aug 17 

1844, Sept 26 

1845, June 19 

1846, Sept 10 

1847, June 23 

1848, Aus 9 

1849, Sept 12 

1850, July 21 

1851, July 2 
1862, Sept 1 

1853, Sept 3 

1854, Sept 20 

1855, Sept 12 
1856 Aug 6 
1867, Aug 26 

1858, Sept 22 

1859, Sept 14 

1860, June 27 
1861 Sept 4 

1862, Oct 1 

1863, Aug 26 
1864 Sept 13 

1865, Sept 6 

1866, Aug 22 

1867, Sept 4 

1868, Aug 19 

1869, Aug 18 

1870, Sept 14 

1871, Aug 2 

1872, Aug 14 
1878, Sept 17 
1874, Aug 19 

1876, Aug 25 
1876 Sep* 6 

1877, Aug 15 

1878, Aug 14 

1879, Aug 20 
1880 Aug 25 

1881, Aug 31 

1882, Aug 23 
1888, Sept 19 
1884, Aug 27 

1885 Sept 9 

1886 Sept 1 

1887 Aug 31 

1888, Sept 5 

1889, Sept 11 

1890, Sept 3 

1891, Aug 19 

1892, Aug 3 

1893, Sept 13 

1894, Aug 8 

1895, Sept 11 

1896, Sept 16 

1897, Aug 18 

1898, Sept 7 

1899, Sept 13 
1000 Sept 5 


‘ lork 
Oxford 
Cimbndge 
Edinburgh 
, Dublin 
' Rii&tol 
Liverpool 
Newcastle on Tmic 
B irmingham 
Glasgow 
Plymouth 
Manchester 
Cork 
York 

Cambridge 

Southampton 

Oxford 

Swansea 

Birmingham 

Edinburgh 

Ipsw ich 

Belfast 

Hull 

Liverpool 
' Glasgow 
Cheltenham 
Dublin 
Leeds 
Aberdeen 
Oxford 
Manchester 
Cambndge 
Newcastle on Tjne 
Bath 

Birmingham 
Nottingham 
Dundee 
Norwich 
1 Exeter 
Liverpool 
' Edinburgh 
Brighton 
Bradford 
I Belfast 
Bristol 
Glasgow 
PI j mouth 
Dublin 
Sheffield 
Swansea 
York 

I Southampton 
Southport 
Montreal 
Aberdeen 
Birmingham 
Manchester 
Bath 

Newcastle-on Tyne 

Leeds 

Cardiff 

Edinburgh 

Nottingham 

Oxford 

Ipswich 

Liverpool 

Toronto 

Bristol 

Dover 

Bradford 


Viscount Milton, D 0 L , P B S 
I The Rev W Buckland, F R S 
I The Rev A Sedgwick FRS 
' Sir T M Bii«bane D C L FRS 
I The Rev Provost Lloyd LL D FRS 
The Marquis of Lansdow ne F R S 
The Earl of Burlington FRS 
The Duke of Northumberland, FRS 
1 The Rev W Vernon Hai court FRS 
I Tlie Marquis of Breadalbane, FRS 
The Rev W Whew ell, FRS 
The Lord Francis Egertoii, F G S 
' The Fail of Rosse FRS 
' The Rev G Peacock DD FRS 
Sir Tohn F W Herschel, Bart , F R S 
1 Sii Roderick I Murchison Bart FRS 
' Sir Robert H Inglis Bart FRS 
TheMarquis of Northampton, Pres.R S 
The Rev T R Robinson D D P R 8 
I Sir David Brewster K H , F R S 
G B Airy, Astronomer Royal, 1? R S 
Lieut General Sabine FRS 
William Hopkins, FRS 
The Earl of Harrowby FRS 
The Duke of Argyll, FRS 
Prof 0GB Daubeny, M D FRS 
I Tlie Rev H Lloyd D D I R S 
Richard Owen MD D0L,FRS 
H R H The Prince Oonsoit 
The Lord Wrotteslev , M A , F R S 
William Falrbaim LLD FRS 
The Rev Professor Willis M A ,F R S 
SirWilliam G Armstrong 0 B , F R S 
Sir Charles Lyell, Bart M A FRS 
I Prof J Phillips, M A , LL D FRS 
Wilham R Grove Q 0 , F R S 
The Duke of Bucoleuch K C B ,F R S 
I Dr Joseph D Hooker FRS 
Prof G G Stokes D 0 L FRS 
Prof T H Huxley LL D FRS 
Prof SirW Thomson LLD, FRS 
Dr W B Carpenter, F H b 
I Prof A W Williamson FRS 
' Prof J Tyndall LL D FRS 
Sir John Hawkshaw, FRS 
I Prof T Andrews, MD,FRS 
Prof A Thomson, M D FRS 
' W Spottiswoode, M A PRS 
Prof G J Allman, M D FRS 
' A 0 Ramsay LL D F R b 
I Sir John Lubbock, Bart , F R S 
I Dr C W Siemens, PBS 
I Prof A Cayley, D CL FRS 
I Prof Lord Rayleigh PRS 
I Sir Ljon Playfair, K C B PRS 
SlrJ W Dawson CMG FRS 
Sir H E Roscoe, D C L , F R S 
SirF J Bramwell,FRS 
Prof W H Flower 0 B , P R S 
Sir F A Abtl OB FRS 
Dr W Huggins PRS 
Sir A Geikie LLD,FRS 
Prof J S Burdon Sanderson, P R S 
The Marquis of Salisbury ,K G ,F R S 
Sir Douglas Galton K 0 B , P R S 
Sir Joseph Lister Bart , Pres R S 
Sir John Evans, K 0 B , F R S 
SirW Orooke8,PR8 
Sir Michael Foster, K C B , Sec R S 
Sir WilUam Turner, D 0 L , P R S 


169 

63 

303 

169 

109 

28 

226 

150 

313 

36 

241 

10 

314 

18 

149 

3 

227 

12 

235 

9 

172 

8 

164 

10 

141 

13 

238 

23 

194 

33 

182 

14 

23b 

15 

222 1 

42 

184 , 

27 

286 

21 

321 1 

113 

239 , 

16 

203 1 

36 

287 

40 

292 

44 

207 ' 

31 

167 

25 

19b 

18 

204 

21 

314 

39 

246 

28 

245 

1 36 

212 

1 27 

162 

1 13 

239 

36 

221 

35 

173 

19 

201 

18 

184 

16 

144 

11 

272 

28 

178 

17 

203 

60 

235 

20 

226 

' 18 

314 

' 25 

428 

1 86 

266 

36 

277 

20 

259 

21 

189 

24 

280 

14 

201 

17 

827 

21 

214 

13 

380 

81 

120 

8 

281 

19 

296 

20 

287 

18 


* Ladies were not admitted by purchased tickets until 1843 


t Tickets of Admission to Sections only 

[Conhiitied on p 1 
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at Annual Meetings of the Association 


Old 

Annual 

Members 

New 

Annual 

Members 

Asso 1 
ciates 

Ladies 

Foreigners 

Total 

Amount 
received 
dunng the 
Meeting 

Sums paid 
on account 
of Grants 
for Scientific 
Purposes 

Year 



__ 



— 



153 

— 



— 

1831 










— 

1832 











900 

— 



— 

1833 


__ 







1298 





£20 0 0 

1834 








__ 







167 0 0 

1835 







__ 



1150 





436 0 0 

1836 











1840 





922 12 6 

1837 







1100* 



2400 





912 2 2 

1818 









34 

1418 





1595 11 0 

1839 









40 

1363 





1546 16 4 

1840 

46 

317 



60* 



891 





1216 10 11 

1841 

76 

376 

13t 

331* 

28 

1315 

— 



1449 17 8 

1843 

71 

186 


160 

— 

_ 





1565 10 2 

1843 

46 

190 


260 

— 

— 

— 



981 12 8 

1844 

94 

22 

407 

172 

35 

1079 





831 9 9 

1845 

65 

39 

270 

196 

38 

857 

— 



685 16 0 

1846 

197 

40 

495 

203 

53 

1320 

— 



1 208 5 4 

1847 

54 

25 

378 

197 

15 

819 

£707 

0 

0 1 275 1 8 

1848 

93 

33 

447 

237 

22 

1071 

963 

0 

0 1 159 19 6 

1849 

128 

42 

510 

273 

44 

1241 

1 1085 

0 

0 

I 345 18 0 

1850 

61 

47 

244 

141 

37 

710 

1 620 

0 

0 

391 9 7 

1851 

63 

60 

510 

292 

9 

1108 

' 1085 

0 

0 

304 6 7 

1853 

56 

57 

3b7 

236 

6 

876 

903 

0 

0 

205 0 0 

1853 

121 

121 

765 

524 

10 

1802 

1882 

0 

0 

380 19 7 

1854 

142 

101 

1094 

543 

26 

2133 

' 2311 

0 

0 

480 16 4 

1855 

104 

48 

412 

146 

9 

1116 

1098 

0 

0 

734 11 9 

1856 

166 

120 

900 

569 

26 

2022 

2015 

0 

0 

1 507 15 4 

1857 

111 

91 

710 

509 

13 

1698 

1931 

0 

0 

618 18 2 

1858 

125 

179 

1206 

821 

22 

2564 

2782 

0 

0 

684 11 1 

1859 

177 

59 

630 

403 

47 

1689 

1G04 

0 

0 

' 766 19 6 

1860 

184 

125 

lu89 

791 

15 

3138 

1914 

0 

0 

1111 6 10 

1861 

ISO 

57 

413 

212 

25 

1161 

1089 

0 

0 

1293 16 6 

1863 

154 

209 

1704 

1004 

25 

33 J5 

3640 

0 

0 

1608 3 10 

1863 

182 

103 

1 1119 

1058 

13 

2802 

2965 

0 

0 

1289 15 8 

1864 

215 

149 

760 

508 

23 

1997 

2227 

0 

0 

, 1591 7 10 

1865 

218 

106 

%0 

7il 

11 

2303 

2469 

0 

0 

1750 13 4 

1866 

193 

118 

1161 

771 ! 

7 

2444 

2613 

0 

0 ' 1739 4 0 

1867 

226 

117 

720 

082 1 

45t 

2004 

2042 

0 

0 

1940 0 0 

' 1868 

229 

107 

, 678 

600 1 

17 

1856 

1931 

0 

0 

1622 U 0 

, 1869 

303 

196 

1103 

910 

14 

2878 

30% 

0 

0 

1572 0 0 

’ 1870 

111 

127 

1 976 

754 

21 

2163 

2675 

0 

0 

1472 2 6 

1 1871 

280 

80 

' 937 

912 

41 

2533 

2649 

0 

0 

128o 0 0 

< 1873 

237 

99 

( 790 

601 

11 

1983 

, 2120 

0 

0 

1685 0 0 

1 1873 

232 

86 

1 S17 

610 

12 

1951 

1979 

0 

0 

11^1 lb 0 

^874 

307 

91 

' 884 

672 

17 

2248 

2397 

0 

0 

960 0 0 

1875 

331 

1S5 

1 1265 

712 

25 

' 2774 

1023 

0 

0 

1092 4 2 

187b 

238 

59 

446 

283 

11 

1229 

1268 

0 

0 

1128 9 7 

1 1877 

290 

93 

1 1285 

674 

17 

, 2678 

2615 

0 

0 

725 lb 6 

1878 

239 

74 

529 

319 

13 

' 1401 

1425 

0 

0 

1080 11 11 

1879 

171 

41 

j 389 

147 

12 

, 915 

899 

0 

0 

731 7 7 

1880 

313 

17b 

1230 

511 

24 

1 2557 

' 268M 

0 

0 

476 8 1 

1881 

253 

79 

516 

189 

21 

1 1253 

128b 

0 

0 

1126 1 11 

1882 

330 

321 

962 

841 

5 

2714 

3169 

0 

0 

1083 3 3 

1883 

317 

219 

826 

74 

26A60H$ 

, 1/77 

1855 

0 

0 

1173 4 0 

! 1684 

332 

122 

1053 

447 

6 

1 2203 

2256 

0 

0 

1385 0 0 

1885 

428 

179 

1007 

429 

11 

2151 

2532 

0 

0 

995 0 6 

1 1886 

510 

244 

1985 

493 

92 

3838 

4336 

0 

0 

1186 18 0 

1887 

399 

100 

639 

609 

12 

1984 

2107 

0 

0 

1511 0 6 

1888 

41S 

113 

1024 

679 

21 

2417 

2441 

0 

0 

1417 0 11 

1889 

368 

92 

680 

834 

12 

1775 

1776 

0 

0 

789 lb 8 

1890 

341 

152 

672 

107 

35 

1497 

1664 

0 

0 

1029 10 0 

1891 

413 

141 

733 

439 

60 

2070 

2007 

0 

0 

864 10 0 

1893 

328 

67 

773 

268 

17 

1661 

1653 

0 

0 

907 15 6 

1893 

435 

69 

911 

451 

77 

2321 

2176 

0 

0 

583 15 6 

1894 

290 

81 

493 

261 

22 

1324 

1236 

0 

0 

977 15 5 

1895 

383 

139 

1384 

873 

41 

3181 

3228 

0 

0 

1104 6 1 

1896 

286 

125 

682 

100 

41 

1362 

1398 

0 

0 

1059 10 8 

1897 

827 

96 

1051 

639 

33 

2446 

2399 

0 

0 

1 1313 0 0 

1898 

324 

68 

548 

120 

27 

1403 

1328 

0 

0 

1430 14 8 

1899 

297 

45 

801 

482 

9 

1915 

1801 

0 

0 

, 1072 10 0 

1900 


X Including Ladies $ Fellows of the Amencan Association were admitted as Hon Members for this Meeting 
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ATTENDANCES AND EBCEIPTS, 


Tc^le showing the Attendances and Beeeipts 


Date of Meeting 

Where held 

Presidents 

Ola Life 
Members 

New Life 
Membeis 

1901, Sept 11 

Glasgow 

Prof A W RUoker, D So Sec R S 

310 

37 

1903, Sept 10 

Belfast 

Prof J Dewar, LL D , P R S 

Sir Norman Lockyer, K C B , F R S 

243 

21 

1903, Sept 9 

Southport 

250 

21 

1904, Aug 17 

Cambridge 

Rt Hon A J Balfour. M P , P R S 

419 

33 

1905, Aug 15 

South Africa 

Prof G H DariAin LLD.PRS 
Prof E Ray Lankester, LL D , F R S 

116 

40 

1906, Aug 1 

York 

322 1 

10 

1907, July 31 1 

Leicester 

Sir David Gill, K 0 B PRS 

276 

19 

1908 Sept 3 

Dublin ' 

Dr Francis Darwin, F R S 

Prof Sir J J Thomson, PRS 

294 

24 

1909, Aug 35 

Winnipeg 

117 

13 

1910, Aug 31 ' 

Sheffield 

Rev Prof T G Bonnej,PRS 

293 

26 

1911, Aug 30 

Portsmouth 1 

Prof Sir W Ramsay K C B , P R S 

284 

21 

1913, Sept 4 

1 Dundee 

Prof E A Schafer, PRS 

288 

14 

1913 Sept 10 

' Birmingham 

Sir Oliver J Lodge IRS 

1 376 

40 

1914, July fcept 

Australia ' 

Prof W Bateson, PRS 

1 172 

13 


^ Including 848 Members of the South Afrioan Assooiation 

Crrants from the Calrd I und are not Included in thib and subsequent sums 


ANALYSIS OF ATTENDANCES AT 
[The total attendances for the years 1832, 

Average attendance at 79 Meetings 1858 

Average 

Attendance 


Average attendance at 5 Meetings beginning during Jwiie, hetiiein 
1833 and 1860 1260 

Average attendance at 4 Meetings beginning during letween 

1841 and 1907 1122 

Average attendance at 32 Meetings beginning during Augusts hetneen 
1836 an/Z 1911 l‘J27 

Average attendance at 37 Meetings beginning during Sipteviber^ 
between 1831 and 1913 1977 

Attendance at 1 Meeting held in October ^ Cambndqo^ 1862 1161 


Meetings beginning during August 
Average attendance at — 

4 Meetings beginning during the 1st week in AvgvsH 1st- 7th) 1 905 

5 ft ft »» >» 2nd ft ft j ( 8th— 14th) 2130 

9 ), ft ft ,f 3rd If f n ( IBth— 21sf) 1802 

14 „ „ „ ,f 4th „ (22nd-31st) 1936 


ATTENDANCES AND RECEIPTS 


h 


at Annual Meetings of the Association — (continued; 


Old 

Annual 

Members 

^ew 

Annual 

Members 

Asso 

elates 

1 

Ladies 

Foreigners 

Total 

Amount 
received 
during the 
Meeting 

Sums paid i 
on account 
of Grants 
for Scientific 
Purposes 

Year 

374 

131 

794 

246 

20 

1912 

£2046 

0 

0 

£920 9 11 

1901 

314 

86 

647 

306 

1 6 

1620 

1 1644 

0 

0 

947 0 0 

1902 

319 

90 

688 

866 

21 

1764 

1762 

0 

0 

845 13 2 

1903 

449 

113 

1338 

317 

121 

2789 

2650 

0 

0 

887 18 11 

1904 

937f 

411 

430 

181 

1 16 

2130 

2422 

0 

0 

928 2 2 

1905 

356 

93 [ 

817 

352 

22 

1972 1 

1 1811 

0 

0 

882 0 9 

1906 

339 

61 

659 

261 

1 

1647 

1561 

0 

0 

767 12 10 

1907 

465 

112 , 

1166 

222 

1 14 

2297 1 

2317 

0 

0 

1157 18 8 

1908 

290*« 

162 1 

789 

90 

7 

1468 

1623 

0 

0 ' 

1014 9 9 

1909 

379 

67 

663 

123 

8 

1449 

1419 

0 

0 , 

963 17 0 

1910 

349 

61 

414 

81 

31 

1241 

1176 

0 

0 

922 0 0 

! 1911 

368 

95 

1292 

369 

88 

2504 

2349 

0 

0 

845 7 6 

1 1912 

480 

149 

1 1287 

291 

20 

2643 , 

1 2756 

0 

0 

978 17 Ut 

1913 

139 

4160(i 

1 63911 

1 _ 

21 

6014Q 

4873 

0 

0 

1086 16 4 

1 1914 


Including 137 Members of the American Assooiation 
n Special arrangements were made for Members and Associates joining locallv in Australia see 
p 686 The numbers include 80 Members who joined in order to att nd the Meeting of L* Association 
Frani^iise at Le Havre 


THE ANNUAL MEETINGS, 1831-1913 
1835, 1843, and 1844 aie unknown] 

Meetings beginning during September 
A\ erage attendance at — 

Average 

Attendance 


Meetings beginning daring the 1st September^ 1st- 7th) 2131 

17 „ , , „ 2nd ( 8th-14th) 1%6 

5 „ , „ „ Hrd „ „ ( 15th-21st) 220b 

2 „ „ „ . 4th „ „ (22nd-30th) 1025 

Meetings beginning during June^ duly^ and Octobei 

Attendance at 1 Meeting (1846, Jane 19) beginning during the 3id 
week in June (16th-21st) 1079 

Axerage attendance at 4 Meetings beginning during the 4th week in 
June (22nd-30th) 1306 

Attendance at 1 Meeting (1851, July 2) beginning during the 1st 
week in July (lst-7th) 710 

Average attendance at 2 Meetings beginning during the 3rd week in 
July (15th-21st) 106b 

Attendance at 1 Meeting (1907, July 31} beginning during the 6th 
week in July (29th-3l8t) 1647 

Attendance at 1 Meeting (1862, October 1) beginning dunng the 1st 
week in October (lst-7th) 1161 

1914 c 2 



Ill 


RF3EARCH COMMITTEES 


LIST OF GRANTS Australia, 1914 


Research Committees, etc , appointed on behalp of the General 
Committee at the Australian Meeting August, 1914 

1 Reeeimng Grants of Money 

Subject for Investigation, or Puipose Members of Committee I Grants 


Section A —MATHEMATICS AND PHYSICS 


Seismological Observations 


Chairman — ProfessorH H Turner 
Secretary — Professor J Periy 
Mr Horace Darwin, Mr C Davi 
son, Dr R T Glazebrook, Mr 
M H Gray, Professors J W 
Judd and C G Knott, Sir J 
Larmoi, Professoi R Meldola, 
Mr W E Plummer, Dr R A 
Sampson, Professor A Schuster, 
Mr J J Shaw, and Mr G W 
Walker 


£ 9 d 

60 0 0* 


Investigation of the Upper Atmo 
sphere 


Chairman — Dr W N Shaw 
Secretanf — Mr E Gold 
Mr C J P Cave, Mr W H Dines, 
Dr R T Glazebrook, Sir J 
Larmor, Professor J E Petavel, 
Professor A Schustei, and Dr 
W Watson 


25 0 0 


Annual Tables of Constants and 
Numerical Data, chemical, phy 
sical, and technological 


Chaviman — Sir W Ramsay 
Secretary — Dr W C McC Lewis 


40 0 0 


Calculation of Mathematical 
Tables 


Chairman — Professor M J M 
Hill 

Secretary W Nichol- 

son 

Mr J R Airey,Mr T W Chaundy, 
Professor Alfred Lodge, Pro 
fessor L N G Filon, Sir G 
Greenhill, and Professors B W 
Hobson, A E H Love, H M 
Macdonald, and A G Webster 


30 0 0 


* In addition, the Council was authorised to expend a sum not exceeding £70 for the pnnting of 
circulars, Ac , in oonnection with the Committee on Seismological Observations 



RESEABCH COMMITTEES 


llil 


1 Receiving Grants of Money — continued 


Subject for Investigation, or Purpose 1 Members of Committee 


Section B —CHEMISTRY 


The Study of Hydro Aromatic bub 
stances 


Dynamic Isomerism 


The Transfoimation of Aromatic 
Nitroamines and allied sub 
stances, and its relation to 
Substitution in Benzene De 
nvatives 

The Study of Plant Enzymes, 
particularly with relation to 
Oxidation 


Correlation of Crystalline Foim 
with Molecular Structure 


Study of Solubilitj Phenomena 


Chemical Iniestigation of Natural 
Plant Products of Victoria 


The Influence of Weather Con- 
ditions upon the Amounts of 
Nitrogen Acids m the Rainfall 
and the Atmosphere 

Research on Non Aromatic Diazo- 
mum Salts 


Chairman — ProfessorW H Perkin 
Secretary — Professor A W Cross 
ley 

Dr M O Forster, Dr Le Sueur, 
and Dr A McKenzie 

Chairman — Professor H E Arm 
strong 

Secretary — Dr T M Lowry 
Professor Sydney Young, Dr Desch, 
Dr J J Dobbie, and Dr M O 
1? orster 

I Chairman — Professor F S Kip 

ping I 

Secretary — ProfessorK J P Orton 
Dr S Ruhemann and Di* J T 
Hewitt ' 

I 

Chairman — Mr A D Hall i 

Suretaiy — Dr h F Armstrong 
Professor H E Armstrong, Pro I 
fessoi F Keeble, and Dr E J 
Russell 

Chan man — Professor W J Pope i 
Setrttary — Professor H E Arm i 
strong 

. Mr W Barlow and Professor 
W P Wynne 

Chan man — Professor H E Arm 
strong 

Snritary — Dr J V E>re ’ 

Dr E F Armstrong, Professor A | 
Findlay, Dr T M Lowry, and 
Professor W J Pope 

Chairman — Professor Orme Mas 
son 

Sctretaiy — Dr Heber Green 
Ml J Cronin, and Mr P R H 
bt John 

Chairman — Piofessor Oime Mas- 
son 

Secietary — Mr V G Anderson ■ 
Mr D Avery and Mr H A Hunt \ 

I 

Chairman — Dr F D Chattaway | 
Seof etary — Piofessor G T Morgan ; 
Mr P G W Bayly and Dr N V 
Sidgwick 


Grants 


£ « d 
16 0 0 


40 0 0 


20 0 0 


30 0 0 


25 0 0 


10 0 0 


60 0 0 


10 0 0 


10 0 0 



!iv 


RESEARCH COMMITTEES 


1 -continued 


Subject for Investigation, or Purpose 

Members of Committee 

Grants 

Section C— GEOLOGY 

£ i d 

To investigate the Erratic Blocks 
of the British Isles, and to take 
measures for their preservation 

Chaxmnan — Mr R H Tiddeman 
Secretary — Dr A R Dwerryhouse 
Dr T G Bonney, Mr F W 
Haimer, Rev b N Hanison, 
Dr J Horne, Mr W Lower 
Carter, Professor W J Sollas, 
and Messrs W Hill, J W 
Stather, and J H Milton 

5 0 0 

To consider the preparation of a 
List of Chaiactenstic Fossils 

Chairman — Professor P h Ken 
dall 

Secrttary — Mr W Lower Carter 
Mr H A Allen, Professor W b 
Boulton, Professor G Cole, Dr 

A R Dwerryhouse, Professors 

J W Gregory, Sir T H Hoi 
land, G A Lebour, and S H 
Reynolds, Dr Marie C Stopes, 
Mr Cosmo Johns, Dr J K 
Marr, Dr A Vaughan, Professor 
W W Watts, Mr H Woods, 
and Dr A bmith Woodward 

10 0 0 

The Old Red Sandstone Rocks of 
Eiltorcan, Ireland 

Chairman — Professor Grenville 
Cole 

Secretary — Professor T Johnson 
Di J W Evans, Dr R Kidston, 
and Dr A Smith Woodward 

10 0 0 

Fauna and Flora of the Trias of 
the Western Midlands 

Chairman — Mr G Bairow 
Sicrefary — Mr L J Wills 

Dr J Humphreys, Mr W Camp 
bell Smith, Mr D M b Watson, 
and Professor W W Watts 

1 

10 0 0 

To excavate Critical Sections in 
the Lower Palaeozoic Rocks of 
England and Wales 

1 

1 

Section 

Chairman — Professor W W 

1 Watts 

Secretary — Professor W G 
Fearnsides 

Professor W S Boulton, Mr E S 
Cobbold, Mr V C Illing, Dr 
Lapworth, and Dr J E Marr 

D— ZOOLOGY 

16 0 0 

To investigate the Biological 
Problems mcidental to the Bel- 
mullet Whaling Station 

Chairman— Dx A E Shipley 
Secretary —Professor J Stanley 
Gardiner 

Professor W A Herdman,Rev W 
Spotswood Green, Mr E b Good 
rich, Professor H W Marett 
Tims, and Mr R M BairiDgion 

46 0 0 

i 

1 

1 

1 



R£8EAK0H GOMMiriEEH 


Iv 


1 Receiving QranU of Money — continued 


Subject for Investigation, or Purpose 

Members of Committee 

Grants 

Nomenclator Animalium Genera 
et Sub-genera 

Chairman — Dr (Chalmers Mit- 
chell 

SecrHaty — Rev T R R Stebbing 
Dr M Laurio, Prof Marett Tims, 
and Dr A Smith Woodward 

£ s d 

25 0 0 

An investigation of the Biology of 
the Abrolhos Islands and the 
North west Coast of Australia 
(north of Shark’s Bay to 
Broome), with particular refer 
ence to the Marine Fauna 

Chairman — Professor W A Herd 
man 

Secretai y — Professoi W J Dakin 
Dr J H Ashworth and Professor 

F 0 Bower 

40 0 0 

To obtain, as nearly as possible, a 
representative Collection of 
Marsupials for work upon (a) 
the Reproductive Apparatus and 
Development, (^) the Brain 

Chairman — Professor A Dendy 
Secretaries — Professors T Flynn 
and G E Nicholls 

Professor E B Poulton and Pro 
lessor H W Marett Iiips 

100 0 0 

Section E — GE0GRAPH\ 


To investigate the Conditions 
determining the Selection of 
Sites and Names for Towns, 
with special reference to Aus 
trail a 

Chairman — Sir C P Lucas 
Secretary — Mr H Yule Oldham 
Mr G G Chisholm, Professor A J 
Heibertson, and Professoi J L 
Mj xi s 

20 0 0 

The Hj drograpoical Suivey of 
btor Fjord, Spitsbergen, b> Dr 

1 W b Bruce 

1 

Chairman — Mr G G Chisholm 
Secretary — Mr J McFarlane 

Di R N Rudmose Brown, Cipt 

J K Davis, and Mr H Yule 
Oldham 

60 0 0 

i 

1 

i 

To aid in the preparation of a 
Bathymetrical Chart of the 
Southern Ocean between Aus 
tralia and Antarctica 

Chan man — Piofessor T W Edge 
worth David 

Secrttaiy — Capt J K Davis 
Professoi J W Giegory, Sir C P 
Lucas, and Piofessor Or me 

1 Masson 

1 100 0 0 

1 

1 

1 

1 

Section P— ECONOMIC SCIENCE AND STATISTICS 

The question of Fatigue from the 
Economic Standpoint, if pos 
sible in CO operation with Sec 
tion I, Sub section of Psycho 
logy 

1 

Chairman — Professor Muirhead 
Secretary — Miss B L Hutchins 
Misb A M Anderson, Professor 
F A Bainbridge, Mr E Cad 
bury. Professor S J Chapman, 
Mr P Sargant Florence, Pro- 
fessor Stanley Kent, Miss M C 
Matheson, Mrs Meieditb, Dr 
' C S M>ers, Mr J W Rams 

1 botton and Dr Jenkins Robb 

30 0 0 



Ivi 


RESEARCH COMMITTEES. 


1 Reenving QranU of Money — oontinuec/ 


Subject for Investigation, or Purpose 

Members of Committee 

1 Grants 

Section G 

— ENGINEEEING 

£ s d 

The Investigation of Gaseous Ex 
plosions, with special reference 
to Temperature 

Chairman — Dr Dugald Clerk 
Seeretary — Professor W E Dalby 
Professors W A Bone, F W Bur 
stall, H L Callendar, E G 
Coker, and H B Dixon, Drs 

R 1 Glazebrook and J A 
Harker, Colonel H C L Holden, 
Professors B Hopkinson and 
J E Petavel, Captain H Riall 
Sinkey, Professor A Smithells, 
PiofessorW Watson, Mr D L 
Chapman, and Mr H E 
Wimperis 

' 60 0 0 

To report on certain of the more 
complex Stress Distributions in 
Engineering Mater als 

Section H - 

Chairman — Professor J Peny 
Suretaries — Professors E G 
Coker and J E Petavel 
Professor A Barr, Dr Chas Chree, 
Mr Gilbert Cook, Professor 
W E Dalby, Sir J A Ewing, 
Professor L N G Filon, Messrs 

A E Fulton and J J Guest, 
Professors J B Henderson and 
A E 11 Love, Ml W Mason, 
Sir Andrew Noble, Messrs F 
Rogers and W A Scoble, Dr 

1 h Stanton, and Mr J S 
Wilson 

-ANTHROPOLOGY 

60 0 0 

To investigate the Lake Villages 
in the neighbourhood of Glas- 
tonbury in connection with a 
Committee of the Somerset 
Archaeological and Natural 
History Society 

Chairman — Professoi Boyd Daw 
kins 

Secretary — Mr Willoughby Gard- 
ner 

Professor W Ridgeway, Sir Arthur 

J Evans, Sir C H Read, Mr 

H Balfour, and Dr A Bulleid 

20 0 0 

To conduct Explorations with the 
object of ascertaining the Age 
of Stone Circles 

Chairman — Sir C H Read 
Secretary — Mr H Balfour 

Dr G A Auden, Professor W 
Ridgeway, Dr J G Garson, Sir 
A J Evans, Dr R Munro, Pro 
fessois Boyd Dawkins and J L 
Myres, Mr A L Lewis, and 
Mr H Peake 

20 0 0 

To investigate the Physical 
Characters of the Ancient 
Egyptians 

Chairman — Professor G Elliot 
Smith 

Secretary — Dr F C Shiubsall 

Dr F Wood Jones, Dr A Keith, , 
and Dr 0 G Seligman 1 

34 16 6 



RESEARCH COMMITTEES 


Irii 


1 Reeeivvn^ Grants of Money— oaxAvaneA. 


Subject for Investigation, or Purpose 

Members of Committee 

Grants 



£ 8 d 

To conduct Anthropometric In 
vestigations in the Island of 
Cyprus 

Chairman — Professor J L Myres 
Secretary — Dr F C Shrubsall 

Di A C Haddon 

50 0 0 

To excavate a Palaeolithic bite in 
Jersey 

Chaxrmcm — Dr R R Marett 
Secretary —Colonel Warton 

Dr C W Andrews, Mr H Bal- 
four, Dr Dunlop, Mr G de 
Gruch> , and Professor A 
Keith 

50 0 0 

To conduct Archaeological Inves- 
tigations in Malta 

Chairman — Professor J L Myres 
Secretary — Dr T Ashby 

Mr H Balfour, Dr A C Haddon, 
and Dr R R Marett 

10 0 0 

To prepare and publish Miss 
Byrne’s Gazetteer and Map of 
the Native Tribes of Australia 

Section I 

Chairman — Professor Bala win 
Spencer 

Secretary — Dr R R Marett 

Mr H Balfour 

—PHYSIOLOGY 

20 0 0 , 

The Ductless Glands 

Chairman — Sir E A Schafer 
Secretary — Professor Swale Vin 
cent 

Professor A B Macallum,Dr L £ 
Shore, and Mrs W H Thompson 

36 0 0 

To acquire further knowledge, 
Clinical and Experimental, con 
cerning Anaesthetics— general 
and local — with special refer 
ence to Deaths by or during 
Anaesthesia, and their possible 
diminution 

Chairman — Dr A D Waller 
Secretary — Sii F W Hewitt 

Dr Blumfeld, Mr J A Gardner, 
and Dr G A Buckmaster 

20 0 0 

Electromotive Phenomena in 
Plants 

Chairman — Dr A D Waller 
Secretary — Mis Waller 

Profes«;ors J B Farmer, T John 
son, and Veley, and Dr 1? O’B 
Ellison 

20 0 0 

To investigate the Physiological 
and Psychological factors in 
the production of Miners’ 
Nystagmus 

Chairman — Professoi J H Muir 
head 

Secretary — Dr T Q Maitland 

Dr J Jameson Evans and Dr 

C S Myers 

20 0 0 

The Significance of the Electro 
motive Phenomena of the Heart 

Chairman — Professor W D Halli- 
burton 

Secretary — Dr Florence Buch 
anan 

Piofessor A D Waller 

20 0 0 



Ivm 


KKSEAHCU COMMIT r£ES 


1 Ueteiii'iig Gra7its of Money — coatmued 


Subject for InvestigatioD, or Purpose 

Members of Committee 

Grants 



£ 8 d 

Metabolism of Phosphates 

Section 

Chairman — Professor W A Os- 
borne 

Sicretary — Miss Kincaid 

Dr Rothera 

K —BOTANY 

20 0 0 

The Structure of Fossil Plants 

Chairman — Professor F W Oliver 
Sec^eta/ry — Professor F B Weiss 
Mr E Newell Arber, Professor A C 
Seward, and Di D H Scott 

16 0 0 

Experimental Studies in the 
Physiology of Heredity 

Chan man — Professor F F Black 
man 

Setretai y — Mr B P Gregory 
Professors Bateson and Keeble 
and Miss E R Saunders 

4> 0 0 

The Renting of Cinchona Botanic 
Station in Jamaica 

1 

1 

Chairman — Professor F 0 Bower 
Secretary — Professor R H Yapp 
Piofesbors R Duller, F W Olner, 
ltd F E Weiss 

25 0 0 

To caiiy out a Research on the 
Influence of varying percent 

1 ages of Oxygen and of various 

I Atmospheric Pressures upon ' 

j Geotropic and Heliotropic Ii- ' 

1 ritability and Curvature 1 

Chairman — Piofessor F 0 Bower 
Secretary — Professor A J Ewart 
Professoi F F Blackman 

I 

50 0 0 


The Collection and luTestigation Chairman — Professor A A Law 2 > 0 0 
of Matenal of Australian Cy , son 

cadaceae, especially Bowenia Secretary — Professor T G B 

from Queensland and Macro- Osborn ' 

zaunia from West Australia Piofessor A C bewaid 

I 

To cut bections of Australian Chairman — Piofessor Lang ' 25 0 0 

Fossil Plants, with especial Sectetary — Professor T G B 

reference to a specimen of j Osborn | 

Zygopteris from Simpsons Professor T W E David and i 
Station, Barraba, NSW Professor A C Seward 

Sbchon L— educational SCIENCE 

To inquire into and repoit upon Chairman — Dr C S M>ers 
the methods and results of Secretary — Professor J A Green 
research into the Mental and Professor J Adams, Dr G A 

Physical Factois involved in Anden, Sir E Biabrook, Dr W 

Education Brown, Mr C Burt, Professor 

E P Culverwell, Mr G F 
Daniell, Miss B Foxley, Pro- 
fessor R A Gregory, Dr 
C W Kimmins, Professor W 
McDougall, Dr T P Nunn, 

Dr W H R Rivers, Dr F C 
bhiubsall.Mr H Bompas Smith, 

Dr 0 Spearman, and Mr A E 
Twenty man 




KESKARGH COMMIT lEES. 


hx 


1 Beetwxng OraM$ of Money — continued 


Subject for Investigation, or Purpose i Members of Committee Grants 


< £ 9 

The Influence of School Books , Ckavtinuin --Tir G A Auden 6 0 

upon Ejesight Seerttary — Mr G F Daniell 

Mr C H Bothamley, Mr W D 
Kggar, Professor R A Gregory, 

Mr J L Holland, Dr W £ 

Sumpner, and Mr Trevor Walsh 

To inquire into and report on the Chairman — Sir Henry Miers 6 0 0 

number, distribution and re Secretary —Professor Marcus Har- 
spective values of Scholarships, tog 

Exhibitions, and Bursanes held Miss Lilian J Clarke, Miss B 
by University Students during Foxley, Professor H Bompas 
their undergraduate course, and Smith, and Principal Griffiths 
’ on funds private and open avail- 

I able for their augmentation 

* I 

I lo examine, inquire into, and re Chairman — Professor J A Green 20 0 0* 

' port on the Character, Work, Secretaries —Mr H Bolton and 
I and Maintenance of Museums, Dr J A Clubb 

with a view to their Orgamsa- Dr F A Bather, Mr C A Buck- 
tion and Development as In- master, Mr Ernest Gray, Mr 

stitutions for Education and M D Hill, Dr W £ Hoyle, I 

Research, and especially to Professors £ J Garwood and 

inquire into the Requirements P Newberry, Sir Richard 

of Schools ' Temple, Mr H Hamshaw 

Thomas, Professor F E Weiss, 

Mrs J White, Rev H Browne, 

Drs A C Uaddon and H S 
Harrison, Mr Herbert R Rath- 
bone, ind Dr W M lattersall ' 

CORRESPONDING SOCIETIES j 

Corresponding bocieties Com- Chairman — Mr W Whitaker 25 0 0 i 
mittee for the preparation of Secretary — Mr W Mark Webb j 

their Report Rev J O Bevan, Sir Edward ! 

Brabrook, Sir H G Fordham, 1 

Dr J G Garson, Principal E H , 

Griffiths, Dr A 0 Haddon, Mr | 

T V Holmes, Mr J Hopkinson, 

Mr A L Lewis, Rev T R R , 

I Stebbmg, and the President 

' and General Officers of the , 

' Association 
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RESEARCH COMMITTEES 


2 Not receiving Orants of Money * 


Subject for InvefitigatioD, or Purpose 


Members of Committee 


Section A— MATHEMATICS AND PHYSICS 


Radiotelegraphic Investigations | Chairman —Sir Olivei Lodge 

, Seeretaiy — Dr W H Eccles 
I Mr S G Brown, Di C Chree, Professor 
I A S Eddington, Dr Erskine Murray, 
Professors J A Fleming, G W O 
Howe, H M Macdonald, and J W 
Nicholson, Sir H Norman, Captain 
H R Sankey, Dr A Schuster, Dr 
W N bbavv. Professor S P Tnompson, 
ind Professor H H Turner 


To aid the work of Establishing a Solar 
Observatory in Australia 


Chairman — 

Secretary — Dr W G Duffield 
Rev A L Cortie, Dr W J S Lockyer, 
Mr F McClean, and Professors A 
Schuster and H H Turner 


♦Determination of Gravity at Sea 


Chairman — Professor A E Love 
Secretary — Professor W G Dufheld 
Mr T W Chaundy and Professors A S 
Eddington and H H Turner 


Section B —CHEMISTRY 


Research on the Utilization of Brown 
Coal Bye Products 


Chairman — Professoi Orme Masson 
Secretary — Mr P G W Bayly 
Mr D Avery 


To report on the Botanical and Chemical 
Characters of the Eucalypts and their 
Correlation 


Chairman — Professor H E Armstrong 
Secretary H G Smith 
Dr Andrews Mr R T Baker, Professor 
F O Bower, Mr R H Cambage, 
Professor A J Ewart, Professor C B 
Fawsitt, Dr Heber Green, Dr Cuth 
bert Hall, Professors Orme Masson, 
Rennie, and Robinson, and Mi St 
John 


Section C— GEOLOGY 


The Collection, Preservation, and Sys 
tematic Registration of Photographs 
of Geological Interest 


To consider the Pieparatior of a List 
of Stratigraphical Names, used in the 
British Isles, in connection with the 
Lexicon of Stratigraphical Names in 
course of preparation by the Inter 
national Geological Congress 


Chairman — Professor J Geikie 
Secretaries — Professors W W Watts and 
& H Reynolds 

Mr G Bingley, Dr T G Bonney, Mr C 
V Crook, Professor E J Garwood, 
and Messrs R Kidston, A & P^^id, 
J J H Teall, R Welch, anr* ,W 
Whitaker 

Chairman — Dr J E Marr 
Secreta/iy — Dr F A Bather 
Professor Grenville Cole, Mr Bernard 
Hobson, Professor Leboui, Dr J 
Horne, Dr A Strahan, and Professor 
W W Watts 


Excepting the case of Committees receiving giants from the Caird Fund (p Iwlli) 
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2 Not receiving Gra/nti of Money — continued 
Subject for Investigation, or Purpose , Members of Committee 


To consider the Nomenclature of the Chairnian — Professor T W Edgeworth 
Carboniferous, Permo Carboniferous, David 

and Permian Bocks of the Southern Secretary — Professor E W Skeats 
Hemisphere Mr W S Dun, Sir T H Holland, Pro- 

fessor Howchin, Mr G W Lamplugb, 
and Professor W G Woolnough 


Section D— ZOOLOGY ! 

♦To aid competent Investigators se Chairman — Mr E S Goodrich ' 

lected by the Committee to cairy on etary J H Ashworth 1 

definite pieces of work at the Zoolo Mi G P Bidder, Professor P O Bower, » 

gical Station at Naples Drs W B Hardy and S F Harmer, I 

Professor S J Hickson, Sir E Ray I 
Lankester, Professor W C McIntosh, j 
and Di A D Waller j 

To investigate the heeding Habits of Chairman — Dr A E Shipley 
Biitish Birds by a study of the Setretaiy —NLx H S Leigh 
contents of the ciops and gizzards Mr J N Halbert, Professor Robert 
of both adults and nestling**, and by Newstead, Messrs Clement Reid, j 
collation of observational evidence, ' A G L Rogers, and F V Theobald, 
with the object of obtaining precise i Professor F E Weiss, Dr C Gordon i 
knowledge is to the economic status , Hewitt, and Professors S J Hickson, | 
of many of our commoner birds i F W Gamble, G H Carpenter, and j 
affecting rural science J Arthur Ihomson | 

To defray expen'-es connected with work Chairman — Professor G C Bourne I 

on the Inheritance and Development j i^taetaiy — Mr Geoffrey Smith 
of Secondary Sexual Characters in ' Mr E S Goodrich, Dr W T Caiman, 
Birds I and Dr Marett Tims 

To summon meetings in London or else , Chairman — Sir E Ray Lankester 
where for the consideration of mat- ' Secretary — Professor S J Hickson 
ters affecting the interests of Zoology Professors G C Bourne, J Cossar Ewart, 
or Zoologist**, and to obtain by corre- M Hartog, and W A Herdman, Mr 
spondence the opinion of Zoologists ■ M D Hill, Professors J Graham Kerr 
on matters of a similar kind, with and Mmchin, Dr P Chalmers Mitchell, 

power to raise by subscription from Professors E B Poulton and Stanley 

each Zoologist a sum of money for Gardiner, and Dr A E Shipley 
defraying current expenses of the 
Organisation 

To nominate competent Naturalists to Chairman and Secretary — Professor A 
perform definite pieces of work at Dendy 

the Marine Laboratory, Plymouth Sir B Ray Lankeslei, Professor J P 

Hill, and Mr E S Goodrich 


To formulate a Definite Sjstem on Chainnan — Professor J W H Trail 

which Collectors should record their Seuetaiy — Mr F Balfour Browne 
captures Drs Scharff and E J Bles, Professors 

G H Carpenter and E B Poulton, 
I and Messrs A G TansleyandB Lloyd 
1 Praeger 

• See note on preceding page 
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2 Not receiving Grants continued 


Subject for Inyestigation, or Purpose 

Members of Committee 

A Natural History Survey of the Isle 
of Man 

Uhavnnan — Professor W A Herdman 
Stereta/ry — Mr PMC Eermode 

Dr W T Caiman, Rev J Davidson, 
Mr G W Lamplugh, Professor E W 
Mac Bride, and Lord Raglan 

Section E— GEOGRAPHY ♦ 

To inquire into the choice and stj le of 
Atlas, Textual, and Wall Maps for I 
School and University Use 

1 

1 

Chairman — Professor J L M> res 
Seiretary — Rev W J Barton 

Professors R L Archer and R N R 
Brown Mr G G Chisholm, Professor 

H N Dickson, Mr A R Hmks, Mr 

0 J R Howarth, Sir Duncan John 
ston, and Mr E A Reeves 

Section G —ENGINEERING 

To consider and report on the Stan 
dardization of Impact Tests 

Chairman — Professoi W H Wairen 
Secrttary — Mr J Vicar‘< 

Mr Julius, Profess>or Gibson, Mr Hough 
ton, and Professor Payne 

1 

Section H —ANTHROPOLOGY i 

The Collection, Preservation, and 
Systematic Registration of Photo 
graphs of Anthropological Interest 

Ctiairman — Sir C H Read ^ 

Secretary — j 

Dr G A Auden, Mr E Heawood, and 
Professor J L Myres 

To conduct Archaeological and Lthno 
logical Researches in Crete 

Chairman — Mr D G Hogarth 

Secrita/ry — Professor J L M>res 
Professor R C Bosanquet, Dr W L H 
Duckworth, Sir A J Evans, Professor 
' W Ridgeway, and Dr F C Shrubsall 

1 

To report on the present state of know 
ledge of the Prehistoric Civilisation 
of the Western Mediterranean with 
a view to future research 

^ Chairman — Professor W Ridgewa} 
Secretary — Dr T Ashby 

Dr W L H Duckworth, Mr D G 
' Hogarth, Sir A J Evans, Professor 

1 J L Myres, and Mi A J B Wace 

To conduct Excavations in Easter Island 

Chairman — Dr A C Haddon j 

Secreta/ry — Dr W H R Rivers | 

Mr R R Marett and Dr C G Seligman 

To report on Palaeolithic Sites in the 
West of England 

Chairman — Professor Boyd Dawkins 
Secretary — Dr W L H Duckworth 
Professor A Keith 
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2 Not receiving QranU of Money — continued 


Subject for Investigation, or Purpose 


The Teaching of Anthropology 


To excavate Early bites in Macedonia 


To report on the Distribution of Bronze 
Age Implements 


To investigate and ascertain the Distn i 
bution of Artihcial Islands in the I 
lochs of the Highlands of Scotland 


To co-operate with I ocal Committees i 
in Excavations on Roman Sites in i 
Britain 


Members of Committee 


Chairman — Sir Richard Temple 
Secretary — Dr A C Haddon 
Sir E F im Thum, Mr W Crooke, Dr 
C G Seligman, Professor G Elliot 
Smith, Dr R R Marett, Professor 
P E Newberry, Dr G A Auden, Pro 
lessors T H Bryce, P Thompson, 
R W Reid, H J Fleure, and J L 
Myres, Sir B C A Windle, and Pro- 
fessors R J A Berry, Baldwin Spencer, 
Sir T Anderson Stuart, and E C 
Stirling 

Chairman — Professor W Ridgeway 
Secretary — Mr A J B Wace 
Professors R C Bosanquet and J L 
Myres 

Chairman — Professor J L Myres 
Secietary — Mr H Peake 
Professor W Ridgeway, Mr H Balfour, 
Sir C H Read, Professor W Boyd 
Dawkins, and Dr R R Marett 

Chairman — Professor Boyd Dawkins 
Secretary — Prof J L Myres 
Professors T H Bryce and W Ridgeway, 
Dr A Low, and Mr A J B Wace 

Chairman — Professor W Ridgeway 
Secretary — Professor R C Bosanquet 
Dr T Ashby, Mr Willoughby Gardner, 
and Professor J L Myres 


Section I —PHYSIOLOGY 


The Dissociation of Oxy Hemoglobin 
at High Altitudes 

Colour Vision and Colour Blindness 


Calorimetric Observations on Man in 
Health and in Febrile Conditions 

Further Reseaiches on the Structure 
and Function of the Mammalian 
Heart 


I Chairman — Professor E H Starling 
' Secretary — Dr J Barcroft 
I Dr W B Hard> 

Chairman — Professor E H Starling 
Seci etary — Dr Edridge Green 
Professor Leonard Hill, Professor A W 
Porter, Dr A D Waller, Professor C S 
Sherrington, and Dr F W Mott 

Chan man — Professor J S Macdonald 
Secretary — Dr Francis A Duffield 
Dr Keith Lucas 

Chairman — ProfessorC S Sherrington 
Secietary — Professor Stanley Kent 
Dr Florence Buchanan 


The Binocular Combination of Kine Chairman — Dr C S Mjers 

matograph Pictures of different ' Secretaiy — T H Pear 
Meaning and its relation to the | 

Binocular Combination of simpler 
Perceptions | 



Ixiv RESOLUTIONS, ETC 

2 Nat reeevexng Grant) of continued 

I ' 

I Subject for Inyestigation, or Purpose Members of Committee 


Section K —BOTANY 

To consider and report on the ad Chairman — ProfessorF B Weiss 

visability and the best means of Secretary —Mr A G Tansle} 
securing definite Areas for the Professor J W H Trail, Mr 11 Lloyd 
Preservation of Types of British Praeger, Professor F W Oliver, Pro 

Vegetation fessor R W Phillips, Dr C E Moss, 

and Messrs G C Druce and II W T 
Wager 

The Investigation of the Vegetation of Chairman —Mr A G Tansley 
Ditcham Park, Hampshire Secretary — Mr R S Adamson 

Dr C L Mo§s and Professor R H 1 app 

Section L —EDUCATIONAL SCIENCE 

To take notice of, and report upon , Chan man — Profe'^sor H E Arnistiong 
changes in, Regulations — whether Secret aiy — Major E Gray 
Legislative, Administrative, or made Miss Coignan, Principal Griffiths, Dr 
by Local Authorities — affecting C W Kimmins, Sir Horace Plunkett, 

Secondary and Higher Educ ition Mr H Ramage, Professor M E b idler, 

and Rt Rev J E C Welldon 


The Aims and Limits of Examinations Chan man — Professor M E badler 

Secretary — Mr P J Hartog 
Mr D P Berridge, Professor G H 
Bryan, Mr W D Eggar, Professor 
R A Gregory, Principal E H 
GriflSths, Miss C L Laurie, Dr W 
McDougall, Mr David Mdir, Dr T P 
Nunn, bir VV Ramsay, Rt Rev J E C 
Welldon, Dr Jessie White, and Mr 
G U Yule 


Gommumcatwns oidered to he punted in extenso 

Section A —Joint Discussion with Section B on the Structure of Atoms and 
Molecules 

Section A — Dr E Goldstein baits coloured by Cathode Rays 
Section C — Discussion on Physiography of And Lands 
Section D — Discussion on Antarctica 

Section I — ^Dr J W Barrett The Problem of the Visual Requirements of the 
Sailor and the Railway Employee 

Sectwn M — Dr Lyman J Briggs Dry farming Investigations in the United btates 

Besoluttons referred to the Council for consideration^ and, if desirable, 

for action 

(a) JfTom Sections A and C 

‘ That in view of the fact that meteorites, which convey information of world 
wide importance, are sometimes disposed of privately, in such a way as to deprive 
the public of this information, the Council be requested to take such stepa as may 
initiate international legislation on the matter * 

(b) From Section A 

* That the British Association respectfully urge the need for the establishment 
in Australia of a Bureau of Weights and Measures, with the view of legalising the 
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metric system as an alternative standard (as in Great Britain) They would also 
coidially welcome the inclusion of Australia as a member of the International 
Convention ’ 

(c) From Section A 

‘That the British As*?ooiation learns with great satisfaction that the State 
Government of Victoria has put a definite annual grant at the disposal of the 
Director of the Melbourne Observatory for printing the work already done at the 
Observatory It is very desirable that every effoit should be made to publish as soon 
as possible the arrears accumulated during the past thirty years * 

(d'i I^rom Sections C and E 

‘The Committees of the Geographical ind Geological Sections of the British 
Association wish to draw attention to the high scientific value and practical 
importance of systematic glacial observation in New Zealand, and venture to urge 
upon the favourable consideration of the Government of the Dominion the great 
import arce of continuing and extending the work which is now being done in this 
direction by officers of the Government, as far as possible m conformity with the 
methods adopted by the Commission Internationale des Glaciers * 

(e) From Sections C and E 

‘ The Geographical and Geological Sections of the British Association respect 
fully request the Secretary of State for the Colonies to establish on certain islands 
in the Coral Seas~in extension of a pi in that has lately been presented to His 
Excellency the Governor of Fiji, and by him submitted for the favourable con- 
sideiation of the Legislative Council of that Colony— a number of benchmarks, 
with respect to which the mean level of the sea surface shall be accurately deter- 
mined once every ten years, in ordei to discover, after a century or longer, whether 
any change takes place in the altitude of land with respect to the sea 

‘ It IS suggested that a uniform plan for this work be prepared by the appropriate 
Government department, and that an abstract of the results ob tamed for each decade 
be forwarded to the British Association for publication * 

(f) From Section C 

* That the Committee of Section C submits for favourable consideration to the 
committee of Recommendations of the British Association the question of urging 
the Federal and State Governments m Australia to co operate in undertaking, as 
soon as possible, a gravity survey of the Earth’s crust within the area of the 
Commonwealth The Committee suggests that the work be commenced in the 
region of the Great Rift Valley of Australia, extending from near Adelaide north- 
wards to Lake Eyre ’ 

(g) From Section E 

‘ The Committee of Section E most warmly favours the project of a uniform 
Map of the World on a scale of 1 1,000,000, and expresses the hope that the sheets 
of Australia may be undertaken as soon as possible, on the same plan as has lately 
been adopted by the War Office in London for a map of Africa, and by the 
Geological Survey in Washington for the USA lo this end they regard it as 
desirable that in the extensive surveys which the several States of the Common- 
wealth are carrying on, as much stress should be laid upon the geographical features 
of the land, the watercourses and the mountains, as upon property boundanes, and 
that in particular the determination of altitudes should be carried on, in order 
eventually to provide the basis for contoured maps ’ 

(h) From Sections D and K 

* It is with much pleasure that we ascertain that a Bill has been prepared by the 
present Government of South Austialia for the establishment of a reserve of 300 
square miles situated on the western end of Kangaroo Island for the preservation of 
the fauna and flora, which are fast being exterminated on the mainland and that 
this reserve will be placed under the control of a Board nominated by the University 
of Adelaide and the Government We tiust that this Bill will become law at an 
early date ’ 
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BESBABOH COUUITTBBS 


(i) From the Commxttee of Recommendations 

* That in view of the successful issue of the Australian Meeting of the Associa 
tion, the Council be asked to consider the best means of bringing into closer 
relationship the British Association and scientific representatives from the 
Dominions overseas * 

Synopsis of Grants of Moneq {exclusive of Grants fiom the Caird 
Fund) appr(ypncbted for Scientific Purposes on behalf of the Genet al 
Committee at the Au^tialian Meeting^ September 1914 The 
Names of Members entitled to call on the General Treasure fot the 
Grants are prefixed to the lespective Reseat ch Committees 

Section A — Mathematical and Physical Science 

£ s d 

♦Turner, Professor H H — Seismological Obser\ ations t60 0 0 

♦Shaw, Dr W N — Upper Atmosphere 25 0 0 

♦Bamsay, Sir W — Annual Table of Constants and Numerical 

Data 40 0 0 

♦Hill, Professor M J M — Calculation of Mathematical 

Tables 30 0 0 

' Section B — Chemistry 

♦Perkin, Dr W H — Study of Hydro aromatic Substances 
♦Armstrong, Professor H E — Dynamic Isomerism 
♦Kipping, Professor F S — Transformation of Aiomatic Nitro 
amines 

♦Hall, A D — Study of Plant Enzymes 
♦Pope, Professor W J — Correlation of Crystalline Form w ith 
Molecular Structure 

♦Armstrong, Professor H E — Solubility Phenomena 
Masson, Professor Orme — Chemical In\estigation of Natuial 
Plant Products 

Masson, Professor Orme — Influence of Weathei Conditions 
on Nitrogen Acids in Rainfall 
Chattaway, Dr F D — Non aromatic Diazonium Salts 

Section C — Geology 


•Tiddeman, R H — Erratic Blocks 5 0 0 

♦Kendall, Professor P F — List of Characteristic Fossils 10 0 0 

•Cole, Professor Grenville — Old Red Sandstone Rocks of 

Kiltorcan 10 0 0 

♦Barrow, G — Tnas of Western Midlands 10 0 0 

♦Watts, Professor W W — Sections in Lower Palaeozoic 

Rocks 15 0 0 


Carried forward £445 0 0 


* BeappoiDted 

f In addition, the Council are authorised to expend a sum not exceeding £70 on 
the printing of circulars, &c , in connection with the Committee on Seismological 
Observations 


15 0 0 
40 0 0 

20 0 0 
WOO 

25 0 0 
10 0 0 

50 0 0 

40 0 0 
10 0 0 
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£ 8 d 

Brought forward 445 0 0 

Section D — Zoology 

‘•^Shipley, Dr A E — Belmullet Whaling Station 45 0 0 

♦Mitchell, Di Chalmers — Nomenclatoi Animalium 25 0 0 

Herdman, Professor W A — Biology of Abrolhos Islands 40 0 0 

Dendy, Professor A — Collection of Marsupials 100 0 0 


Section E — Geography 

Lucas, Sir C P — Conditions determining Selection of Sites 


and Names for Towns 20 0 0 

Chisholm, G G — Survey of Stor Fjord, Spitsbergen 50 0 0 

David, Professoi T W E — Antarctic Bathymetrical Chart 100 0 0 

Section F — Economic Science and Statistics 

♦Muirhead, Professor J F — Fatigue from Economic Stand- 
point 30 0 0 

Section G — Engineering 

♦Clerk, Di Dugald — Gaseous Explosions 50 0 0 

♦Perry, Professor J — Stress Distributions 50 0 0 


Section H — Anthropology 

♦Dawkins, Professor Boyd — Lake Villages in the neighbour- 
hood of Glastonbury 
♦Read, Sir C H — Age of Stone Circles 
♦Smith, Professor G Elliot — Physical Characters of the 
Ancient Egyptians 

♦Myies, Professor J L — Anthropometric Investigations in 
Cyprus 

♦Marett, Dr R R -Palaeolithic Site m Jeisey 
My res, Piofessor J L — Excavations in Malta 
Spencer, Professoi Baldwin — Gazetteer and Map of Native 
Tribes of Australia 

Section I — Physiology 
♦Schafer, Sir E A — The Ductless Glands 
♦Waller, Dr A D — Anaesthetics 
♦Waller, Dr A D — Electromoti\e Phenomena in Plants 
♦Muiihead, Professor J F — Mineis’ Nystagmus 
Osborne, Professoi W A — Met ibolism of Phosphates 
Hallibui ton. Professor W D — Electromotive Phenomena of 
the Heart 

Section K — Botany 
♦Oliver, Piofessor F W — Structure of Fossil Plants 15 0 0 

♦Blackman, Professor F F —Physiology of Heredity 45 0 0 

♦Bower, Professoi F O — Renting of Cinchona Botanic Sta 

tion, Jamaica 25 0 0 

Gained forward £1,379 16 6 


35 0 0 
20 0 0 
20 0 0 
20 0 0 
20 0 0 

20 0 0 


20 0 0 
20 0 0 

34 16 6 

50 0 0 
50 0 0 
10 0 0 

20 0 0 


* Reappointed 
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SYNOPSIS OF GRANTS OF MONEY 


£ s d 

Broxight forward 1,379 16 6 

Bower, Professor F O — Influence of Percentages of Oxygen, 

&c , on Geotropic and Hehotropic Irritation and Curva- 
ture 

Lawson, Piofessor A A — Australian Cycadaceje 

Lang, Professor W H — Sections of Australian Fossil Plants 

Sechon L — Education 

*Myers, Dr C S — Mental and Physical Factors involved in 
Education 

♦Audep, Dr G A — Influence of School Books on Eyesight 
*Miers, Sir H — Scholarships, &c , held by Univeisity Students 
*Green, Professor J A — Character, Work, and Maintenance 
of Museums 

Corresponding Societies Committee 
•Whitaker, W — For Preparation of Report 25 0 0 

Totalt €1,634 16 6 


* Reappointed 

t Including £70 as specified in footnote on p Ixvi 
Catrd Fund 

An unconditional gift of 10,000^ was made to the Association at the 
Dundee Meeting, 1912, by Mr (afterwards Sir) J K Caird, LL D , of 
Dundee 

The Council m its Repoit to the General Committee at the Bii- 
mingham Meeting made certain recommendations as to the administra- 
tion of this Fund These recommendations were adopted, with the 
Report, by the General Committee at its meeting on September 10, 1913 

The following allocations have been made from the Fund by the 
Council to December 1914 — 

Naples Zoological Station Committee (p lxi) — 50^ (1012-13), lOOZ 
(1913-14) , lOOZ annually in future, subject to the adoption of the Com- 
mittee’s report 

Seismology Committee (p hi) — 100^ (1913-14), 100^ annually in 
future, subject to the adoption of the Committee’s report 

Eadiotelegraphic Committee (p lx) 500/ (1913-14) 

Magnetic Be-survey oj the British Isles (in collaboration with the 
Royal Society) — 250/ 

Committee on Determination of Giavity at Sea (p lx) — 100/ 
(1914-15; 

Mr F Sargent^ Bristol Univeisity^ in connection with his Astro- 
nomical Work — 10/ (1914) 

Sir J K Caird, on September 10, 1913, made a further gift of 1,000/ 
to the Association, to be devoted to the study of Radio-activity 


30 0 0 
5 0 0 
5 0 0 

20 0 0 


50 0 0 

25 0 0 

26 0 0 
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ADDBESS 

BT 

Professor WILLIAM BATESON, MA, PBS, 
PBESmENT 


Part I-MELB0UBNE» 

The outstanding feature of this Meeting must be the fact that we are 
here — m Australia It is the function of a President to tell the 
Association of advances in science, to speak of the universal rather than 
of the particular or the temporary There will be other opportunities 
of expressing the thoughts which this e\ ent must excite in the dullest 
heart, but it is light that my first words should take account of those 
achievements of oiganisation and those acts of national generosity by 
which it has come to pass that ve are assembled in this country Ijet 
us, too, on this occasion, remember that all the effort, and all the 
goodwill, that binds Australia to Biitain would have been po\\erless to 
bring about such a result had it not been for those advances in science 
which have given man a control of the forces of Nature For we aie 
here by viitue of the feats of genius of individual men of science, 
giant-variations from the common level of our species , and since I am 
going soon to speak of the significance of individual vaiiation, I cannot 
introduce that subject better than by calling to remembrance the line 
of pioneers in chemistry, in physics, and in engmeeiing, by the work 
ing of whose rare— or, if you will, abnonnal — ^intellects a meeting of 
the British Association on this side of the globe has been made physically 
possible 

I have next to refer to the loss within the yeai of Sir David Gill, 
a former President of this Association, himself one of the outstanding 
great His greatness lay in the powei of making big foundations He 
built up the Cape Observatory, he organised international geodesy, he 
conceived and earned through the plana for the photogiaphy of the 
whole sky, a work m which Australia is beanng a conspicuous part 

^ Delivered in Melbourne on Fiiday, August 14, 1914 

B a 
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president’s address. 


Astronomical observation is now organised on an international scale, 
and of this great scheme Gill was the heart and soul His labours have 
ensured a base from which others will proceed to discovery otherwise 
impossible His name will be long remembered with veneration and 
gratitude 

As the subject of the Addresses which I am to deliver here and 
in Sydney I take Heredity I shall attempt to give the essence 
of the discoveries made by Mendelian or analytical methods of 
study, and I shall ask you to contemplate the deductions which these 
physiological facts suggest in application both to evolutionary theory at 
large and to the special case of the natural history of human society 

Eecogmtion of the significance of heredity is modern The term 
itself m its scientific sense is no older than Herbert Spencer Animals 
and plants are formed as pieces of living mateiial split from the body 
of the parent organisms Their powers and faculties are fixed in then 
physiological origin They are the consequence of a genetic process, 
and yet it is only lately that this genetic process has become the subject 
of systematic research and experiment The curiosity of naturalists 
has of course always been attracted to such problems , but that accurate 
knowledge of genetics is of paramount importance in any attempt to 
understand the nature of living things has only been realised quite 
lately even by naturalists, and with casual exceptions the laity still 
know nothing of the matter Historians debate the past of the human 
species, and statesmen order its present or profess to guide its future 
as if the animal Man, the unit of their calculations, with his vast 
diversity of powers, were a homogeneous material, which can be 
multiplied like shot 

The reason for this neglect lies in ignorance and misunderstanding 
of the nature of Variation, for not until the fact of congenital diversity 
IS grasped, with all that it imports, does knowledge of the system of 
hereditary transmission stand out as a primary necessity in the con- 
struction of any theory of Evolution, or any scheme of human polity 

The first full perception of the significance of variation we owe to 
Darwin The present generation of evolutionists realises perhaps more 
fully than did the scientific world in the last century that the theory of 
Evolution had occupied the thoughts of many and found acceptance 
with not a few before ever the * Origin ' appeared We have come also 
to the conviction that the principle of Natural Selection cannot have 
been the chief factor m delimiting the species of animals and plants, 
such as we now with fuller knowledge see them actually to be We 
are even more sceptical as to the validity of that appeal to changes in 
the conditions of life as direct causes of modification, upon which 
latterly at all events Darwm laid much emphasis But that he was the 
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first to provide a body of fact demonstrating the variability of living 
things, whatever be its causation, can never be questioned 

There are some older collections of evidence, chiefly the work of 
the French school, especially of Godron^ — and 1 would mention also 
the almost forgotten essay of Wollaston^ — ^these however are only 
fragments in coinpaiison Darwin regarded variability as a property 
inherent m living things, and eventually we must consider whether this 
conception is well founded , but postponing that inquiry for the present, 
we may declare that with him began a general recognition of variation 
as a phenomenon widely occurring in Nature 

If a population consists of members which are not alike but differen- 
tiated, how will their characteristics be distributed among their off- 
spring^ This is the problem which the modem student of heredity 
sets out to investigate Formerly it was hoped that by the simple 
inspection of embryological processes the modes of heredity might be 
ascertained, the actual mechanism by which the offspring is formed 
from the body of the parent In that endeavour a noble pile of 
evidence has been accumulated All that can be made visible by 
existing methods has been seen, but we come little if at all nearer to 
the central mystery We see nothing that we can analyse further — 
nothing that can be tian&lated into terms less insciutable than the 
physiological events themselves Not only does embryology give no 
direct aid, but the failure of cytology is, so far as I can ]udge, equally 
complete The chromosomes of nearly related creatures may be 
utterly different both in number, size, and form Only one piece of 
evidence encourages the old hope that a connection might be traceable 
between the visible chaiacteiistics of the body and those of the chromo- 
somes I refer of course to the accessory chromosome, which in many 
animals distinguishes the spermatozoon about to form a female in 
fertilisation Even it however cannot be claimed as the cause of 
sexual diffeientiation, foi it may be paiied m forms closely allied to 
those in which it is unpaired or accessory The distinction may be 
present oi wanting, like any other secondaiy sexual chaiacter Indeed, 
so long as no one can show consistent distinctions between the 
cytological characters of somatic tissues in the same individual we 
can scarcely expect to perceive such distinctions between the chromo- 
somes of the various types 

For these methods of attack we now substitute another, less 
ambitious, perhaps, because less comprehensive, but not less direct 
If we cannot see how a fowl by its egg and its speim gi\es rise to 

* Dt VEspece et des Races dans hs Etres Organises, 1869 

* On the Variation of Species, 1856 
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a chicken or how a Sweet Pea from its ovule and its pollen grain 
produces another Sweet Pea, we at least can watch the system 
by which the differences between the various kinds of fowls or 
between the various kinds of Sweet Peas are distributed among the 
offspring By thus breaking the mam problem mp into its parts 
we give ourselves fresh chances This analytical study we call 
Mendelian because Mendel was the first to apply it To be sure, he 
did not approach the problem by any such line of reasoning as I 
have sketched His object was to determine the genetic definite- 
ness of species, but though in his writings he makes no mention of 
inherit^ance it is clear that he had the extension in view By cross- 
breeding he combined the characters of varieties in mongrel individuals 
and set himself to see how these characters would be distributed among 
the individuals of subsequent generations Until he began this analysis 
nothing but the vaguest answers to such a question had been attempted 
The existence of any orderly system of descent was never even sus- 
pected In their manifold complexity human characteristics seemed 
to follow no obvious system, and the fact was taken as a faii^ sample 
of the workmg of heredity 

Misconception was especially brought in by describing descent in 
terms of ‘ blood * The common speech uses expressions such as 
consanguinity, pure-blooded, half-blood, and the like, which call up a 
misleading picture to the mind Blood is m some respects a fluid, 
and thus it is supposed that this fluid can be both quantitatively and 
qualitatively diluted with other bloods, just as treacle can be diluted 
with water Blood in primitive physiology being the peculiar vehicle 
of life, at once its essence and its corporeal abode, these ideas of 
dilution and compounding of characters in the commingling of bloods 
inevitably suggest that the ingredients of the mixture once combined are 
inseparable, that they can be brought together in any lelative amounts, 
and in short that m heredity we are concerned mainly with a quantita- 
tive problem Truer notions of genetic physiology are given by the 
Hebrew expression * seed ’ If we speak of a man as * of the blood- 
royal * we think at once of plebeian dilution, and we wonder how much 
of the royal fluid is likely to be ‘ in his veins ’ , but if we say he is 
‘ of the seed of Abraham * we feel something of the permanence and 
indestructibility of that germ which can be divided and scattered among 
all nations, but remains recognisable in type and characteristics after 
4,000 years 

I knew a breeder who had a chest containing bottles of coloured 
liquids by which he used to illustrate the relationships of his dogs, 
pouring from one to another and titrating them quantitatively to illus- 
trate their pedigrees Galton was beset by the same kind of mistake 
when he promulgated his ‘ Law of Ancestral Heredity * With modern 
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research all this has been cleared away The allotment of character- 
istics among offspring is not accomplished by the exudation of drops 
of a tincture representing the sum of the charactenstics of the parent 
organism, but by a process of celUdtvtston , in which numbers of these 
characters, or rather the elements upon which they depend, are sorted 
out among the resulting germ-cells in an orderly fashion What these 
elements, or factors as we call them, are we do not know That they 
are in some way directly transmitted by the material of the ovum and 
of the spermatozoon is obvious, but it seems to me unlikely that they 
are in any simple or literal sense material particles I suspect rather 
that their properties depend on some phenomenon of arrangement 
However that may be, analytical breeding proves that it is according 
to the distribution of these genetic factors, to use a non-committal term, 
that the characters of the offspring are decided The first business of 
experimental genetics is to determine their number and interactions, 
and then to make an analysis of the various types of life 

Now the ordinary genealogical trees, such as those which the stud- 
books piovide in the case of the domestic animals, oi the Hei aids' 
College provides in the case of man, tell nothing of all this Such 
methods of depicting descent cannot even show the one thing they are 
devised to show — puiity of ‘ blood * For at last we know the physio 
logical meaning of that expression An organism is pure-bred when it 
has been formed by the union in fertilisation of two geim-cells which 
are alike in the factois they bear , and since the factors for the several 
characteristics are independent of each other, this question of purity 
must be separately considered for each of them A man, for example, 
may be pure-bred in respect of his musical ability and cross-bred in 
respect of the colour of his eyes or the shape of his mouth Though 
we know nothing of the essential nature of these factors, we know 
a good deal of their powers They may confer height, colour, shape, 
instincts, powers both of mind and body — indeed, so many of the 
attributes which animals and plants possess, that ^^e feel justified in 
the expectation that with continued analysis they will be proved to be 
responsible for most if not all of the difierences by which the varying 
individuals of any species are distinguished from each other I will 
not assert that the greater differences which characterise distinct Species 
are due generally to such independent factors, but that is the conclusion 
to which the available evidence points All this is now so well under- 
stood, and has been so often demonstrated and expounded, that details 
of evidence are now superfluous 

But for the benefit of those who are unfamiliar with such work let me 
briefly epitomise its mam features and consequences Since genetic 
factors are definite things, either present in or absent from any germ- 
cell, the individual may be either * pure-bred ’ for any particular factor. 
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or its absence, if he is constituted by the union of two germ-cells both 
possessing or both destitute of that factor If the individual is thus 
pure, all his germ-cells will in that respect be identical, for they are 
simply bits of the similar germ-cells which united m fertilisation to 
produce the parent organism We thus reach the essential principle, 
that an organism cannot pass on to offspring a factor which it did not 
itself receive in fertilisation Parents, therefore, which are both 
destitute of a given factor can only produce offspring equally destitute 
of it, and, on the contrary, parents both pure-bred for the presence 
of a factor produce offspring equally pure-bred for its presence 
Whereas the germ-cells of the pure-bred are all alike, those of the 
cross-bred, which results from the union of dissimilar germ-cells, are 
mixed in character Each positive factor segregates from its negative 
opposite, so that some germ-cells carry the factor and some do not 
Once the factors have been identified by their effects, the average com 
position of the several kinds of families formed from the various 
matings can be predicted 

Only those who have themselves witnessed the fixed operations of 
these simple rules can feel their full significance We come to look 
behind the simulacrum of the individual body, and we endeavour to 
disintegrate its features into the genetic elements by whose union the 
body was formed Set out in cold general phrases such discoveries 
may seem remote from ordinary life Become familiar with them and 
you will find your outlook on the world has changed Watch the effects 
of segregation among the living things with which you have to do — 
plants, fowls, dogs, horses, that mixed concourse of humanity we call 
the English race, your friends* children, your own children, yourself — 
and however firmly imagination be restrained to the bounds of the 
known and the proved, you will feel something of that range of insight 
into Nature which Mendehsm has begun to give The question is 
often asked whether there are not also in operation systems of descent 
quite other than those contemplated by the Mendehan rules I myself 
have expected such discoveries, but hitherto none have been plainly 
demonstrated It is true we are often puzzled by the failuie of a 
parental type to reappear in its completeness after a cross — the merino 
sheep or the fantail pigeon, for example These exceptions may still 
be plausibly ascribed to the interference of a multitude of factors, a 
suggestion not easy to disprove, though it seems to me equally likely 
that segregation has been m reality imperfect Of the descent of quan- 
titative characters we still know practically nothing These and hosts 
of difficult cases remain almost untouched In particular the discovery 
of E Baur, and the evidence of Winkler m regard to his * graft hybrids, * 
both showing that the sub epidermal layer of a plant — ^the layer from 
which the germ cells are derived — ^may bear exclusively the characters 
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of a part only of the soma, give hints of curious complications ^ and 
suggest that m plants at least the interrelations between soma and 
gamete may be far less simple than we have supposed Nevertheless, 
speaking generally, we see nothing to indicate that qualitative characters 
descend, whether in plants or animals, according to systems which 
are incapable of factorial representation 

The body of evidence accumulated by this method of analysis is 
now very large, and is still growing fast by the labours of many workers 
Progress is also beginning along many novel and curious lines The 
details are too technical for inclusion here Suffice it to say that not 
only have we proof that segregation affects a vast range of characteris- 
tics, but in the course of our analysis phenomena of most unexpected 
kinds have been encountered Some of these things twenty years ago 
must have seemed inconceivable For example, the two seta of sex 
organs, male and female, of the same plant may not be carrying the 
same characteristics , in some animals characteristics, quite independent 
of sex, may be distiibuted solely or predominantly to one sex, in 
certain! species the male may be breeding true to its own type, while 
the female is permanently mongrel, throwing off eggs of a distmct 
variety in addition to tV»csc ot its own type, characteristics, essentially 
independent, may be associated in special combinations which are 
laigely retained m the next generation, so that among the grand- 
children there is numeiical prepondeiance of those combinations which 
existed m the grandparents — a discoveiy which introduces us to a new 
phenomenon of polaiity in the oi^gamsm 

We are accustomed to the fact that the fertilised egg has a polarity, 
a front and hind end for example, but we have now to lecognise that it, 
01 the primitive germinal cells formed from it, may ha\e another 
polarity shown m the groupings of the parental elements I am entirely 
sceptical as to the occurrence of segregation solely in the maturation of 
the geim-cells,^ preferring at present to regard it as a special case of 
that patchwork condition we see in so many plants These mosaics 
may break up, emitting bud-sports at various cell-divisions, and 1 
suspect that the great regularity seen in the F^ ratios of the cereals, for 
example, is a consequence of very late segregation, whereas the exces- 
sive irregularity found in other cases may be taken to indicate that 
segregation can happen at earlier stages of differentiation 

The paradoxical descent of colour-blindness and other sex-limited 
conditions — formerly regarded as an inscrutable caprice of nature — ^has 
been represented with appioximate correctness, and we alieady know 
something as to the way, or, perhaps, I should say wajs, m which the 

* The fact that in certain plants the male and female organs respectively 
carry distinct factors may be quoted as almost decisively negativing the sug- 
gestion that segregation is confined to the reduction division 
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determination of sex is accomplished in some of the forms of life — 
though, I hasten to add, we have no inkling as to any method by which 
that determination may be influenced or directed It is obvious that 
such discoveries have bearings on most of the problems, whether 
theoretical or practical, m which animals and plants are concerned 
Permanence or change of type, perfection of type, purity or mixture 
of race, * racial development, * the succession of foims, from being vague 
phrases expressing matters of degree, are now seen to be capable of 
acquiring physiological meanings, already to some extent assigned with 
precision For the natuiahst~and it is to him that I am especially 
addressing myself to-day — ^these things are chiefly significant as i elating 
to the history of oiganic beings — the theoiy of Evolution, to use oui 
modern name They have, as I shall endeavour to show m my second 
address to be given in Sydney, an immediate reference to the conduct 
of human society 

I suppose that everyone is familiar in outline ^\lth the theoiy of 
the Origin of Species which Darwin promulgated Through the last 
fifty years this theme of the Natuial Selection of favouied laces has been 
developed and expounded in writings innumerable Favoured laces 
certainly can replace otheis The argument is sound, but we aie doubt- 
ful of its value For us that debate stands adjourned We go to 
Darwin for his incomparable collection of facts We would fain 
emulate his scholarship, his width and Ins power of exposition, but 
to us he speaks no moie with philosophical authoiity We read his 
scheme of Evolution as we would that of Lucietius or of Lamaick, 
delighting in their simplicity and their courage The piactical and 
experimental study of Variation and Heiedity has not meiely opened 
a new field, it has given a new point of view and new standaids of 
criticism Naturalists may still be found expounding teleological 
systems* which would have delighted Dr Pangloss himself, but at 
the present time few are misled The student of genetics knows that 

* I take the following from the Abstract of a recent Croonian Lecture 
‘ On the Origin of Mammals * delivered to the Royal Society — * In 
Upper Tnassic times the larger Cynodonts preyed upon the large 
Anomodont, Kannemeyeria, and carried on their existence so long as these 
Anomodonts survived, but died out with them about the end of the Trias or 
in Rhsstic times The small Cynodonts, having neither small Anomodonts nor 
small Cotylosaurs to feed on, were forced to hunt the very active long limbed 
Thecodonts The greatly increased activity brought about that series of 
chants which formed the mammals — the flexible skin with hair, the four 
chambered heart and warm blood, the loose jaw with teeth for mastication, 
an increased development of tactile sensation and a great increase of cerebrum 
Not improbably the attacks of the newly evolved Cynodont or mammalian type 
brought about a corresponding evolution in the Pseudosuchian Thecodonts, which 
ultimately resulted in the formation of Dinosaurs and Birds * Broom, R , 
Proe Boy Soc B , 87, p, 88, 
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the time for the development of theory is not yet He would rather 
stick to the seed>pan and the incubator 

In face of what we now know of the distribution of variability in 
nature the scope claimed for Natural Selection in determining the fixity 
of Species must be greatly reduced The doctnne of the survival of the 
fittest IS undeniable so long as it is applied to the organism as a whole, 
but to attempt by this principle to find value m all definiteness of parts 
and functions, and in the name of Science to see fitness everywhere 
IS mere eighteenth-century optimism Yet it was in application to the 
parts, to the details of specific difference, to the spots on the peacock’s 
tail, to the colounng of an Orchid flower, and hosts of such examples, 
that the potency of Natural Selection was urged with the strongest 
emphasis Shorn of these pretensions the doctrine of the survival of 
favoured races is a truism, helping scarcely at all to account for the 
diversity of species Tolerance plays almost as considerable a part 
By these admissions almost the last shred of that teleological fustian 
with which Victorian philosophy loved to clothe the theory of Evolu- 
tion IS destroyed Those who would proclaim that whatever is is right 
will be wise henceforth to base this faith frankly on the impiegnable 
lock of superstition, and to abstain fiom direct appeals to natural fact 

My predecessor said last year that in physics the age is one of rapid 
progress and profound scepticism In at least as high a degree this is 
true of Biology, and as a chief characteristic of modem evolutionary 
thought we must confess also to a deep but irksome humility in 
presence of great vital problems Every theory of Evolution must be 
such as to accord with the facta of physics and chemistry, a primaiy 
necessity to which our piedecessois paid small heed For them the 
unknown was a rich mine of possibilities on which they could freely 
draw Foi us it is rather an impenetrable mountain out of which the 
truth can be chipped in raie and isolated fragments Of the physics and 
chemistry of life we know next to nodung Somehow the characteis 
of living things are bound up in properties of colloids, and are largely 
determined by the chemical powers of enzymes, but the study of these 
classes of matter has only just begun Living things aie found by a 
simple experiment to have powers undreamt of, and who knows what 
may be behind? 

Naturally we turn aside from generalities It is no time to discuss 
the origin of the Mollusca or of Dicotyledons, while we are nob even 
sure how it came to pass that Pnmula obconica has in twenty-five years 
produced its abundant new forms almost under our eyes Knowledge 
of heredity has so reacted on our conceptions of vanation that very 
competent men are even denymg that variation m the old sense is a 
genuine occurrence at all Variation is postulated as the basis of all 
evolutionary change Do we then as a matter of fact find in the world 
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about us variations occurring of such a kind as to warrant faith in a 
contemporary progressive Evolution? Till lately most of us would 
have said ‘ yes * without misgiving We should have pointed, as 
Darwin did, to the immense range of diversity seen m many wild 
species, so commonly that the difficulty is to define the types them- 
selves Still more conclusive seemed the piofusion of forms m the 
various domesticated animals and plants, most of them incapable of 
existing even for a generation in the wild state, and therefore fixed 
unquestionably by human selection These, at least, for certain, are 
new forms, often distinct enough to pass for species, which has arisen 
by variation But when analysis is applied to this mass of variation 
the matter wears a different aspect Closely examined, what is the 
‘ variability * of wild species What is the natural fact which is 
denoted by the statement that a given species exhibits much variation^ 
Generally one of two things either that the individuals collected m one 
locality differ among themselves , or perhaps more often that samples 
from separate localities differ from each other As direct evidence of 
variation it is cleaily to the first of these phenomena that we must 
have recourse — the heterogeneity of a population breeding together in 
one area This heterogeneity may be in any degree, ranging from 
slight differences that systematists would disregard, to a complex 
vanability such as we find in some moths, where there is an abund 
ance of varieties so distinct that many would be classified as specific 
forms but for the fact that all are freely breedmg together Naturalists 
formerly supposed that any of these varieties might be bred from any 
of the others Just as the reader of novels is prepared to find that 
any kind of paients may have any kind of children in the course of the 
story, so was the evolutionist ready to believe that any pan of moths 
might produce any of the vaiieties included in the species Genetic 
analysis has disposed of all these mistakes We have no longer the 
smallest doubt that in all these examples the varieties stand in a regular 
descending order, and that they are simply terms in a senes of com- 
binations of factors separately transmitted, of which each may be 
present or absent 

The appearance of contemporary variability proves to be an illusion 
Variation from step to step in the senes must occur either by the 
addition or by the loss of a factor Now, of the origin of new forms 
hy loss there seems to me to be fairly clear evidence, but of the con- 
temporary acquisition of any new factor I see no satisfactory proof, 
though I admit there are rare examples which may be so interpreted 
We are left with a picture of variation utterly different from that 
which we saw at first Variation now stands out as a definite physio- 
logical event We have done with the notion that Darwin came latterly 
to favour, that large differences can arise by accumulation of small 
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differences Such small differences are often mere ephemeral effects 
of conditions of life, and as such are not transmissible , but even small 
dilferences, when truly genetic, are factorial like the larger ones, and 
there is not the slightest reason for supposing that they are capable 
of summation As to the origin or source of these positive separable 
factors, we are without any indication or surmise By their effects 
we know them to be definite, as definite, say, as the organisms which 
produce diseases , but how they arise and how they come to take part 
m the composition of the living creature so that when present they are 
treated in cell division as constituents of the germs, we cannot con- 
jecture 

It was a commonplace of evolutionary theoiy that at least the 
domestic animals have been developed from a few wild types Their 
origin was supposed to present no difficulty The various races of 
fowl, for instance, all came from Gallus hankiva, the Indian jungle- 
fowl So we are taught, but tiy to reconstruct the steps in their 
evolution and you realise your hopeless ignoiance To be sure there 
are breeds, such as Black red Game and Brown Leghorns, which have 
the colours of the jungle-fowl, though they differ m shape and other 
respects As we know so little as yet of the genetics of shape, let us 
assume that those transitions could be got over Suppose, further, as 
18 probable, that the absence of the maternal instinct in the Leghorn 

15 due to loss of one factoi which the jungle-fowl possesses So fai 
we are on fairly safe ground But how about White Leghorns? Their 
origin may seem easy to imagine, since white varieties have often 
arisen in well authenticated cases But the white of White Leghorns 

16 not, as white in nature often is, due to the loss of the colour-elements, 
but to the action of something which inhibits their expression Whence 
did that something come ? The same question may be asked respectmg 
the heavy breeds, such as Malays or Indian Game Each of these is a 
separate introduction from the East To suppose that these, with their 
peculiar combs and close feathering, could have been developed from 
pre-existing European breeds is very difficult On the other hand, 
there is no wild species now living any more like them We may, of 
course, postulate that there was once such a species, now lost That 
18 quite conceivable, though the suggestion is purely speculative I 
might thus go through the list of domesticated animals and plants of 
ancient origin and again and again should be diiven to this 
suggestion, that many of then distmcti\e characters must have been 
derived from some wild original now lost Indeed, to this unsatisfying 
conclusion almost eveiy caieful writei on such subjects is now reduced 
If we turn to modem evidence the case looks even worse The new 
breeds of domestic animals made in recent times are the carefully 
selected products of recombination of pre existing breeds Most of the 
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n6W varieties of cultivated plants are the outcome of deliberate crossing 
There is generally no doubt m the matter We have pretty full 
histones of these crosses in Gladiolus, Orchids, Cineraria, Begonia, 
Calceolaria, Pelargonium, &c A very few certainly anse from a single 
origin The Sweet Pea is the clearest case, and there are others which 
I should name with hesitation The Cyclamen is one of them, but 
we know that efforts to cross Cyclamens were made early in the cul- 
tural history of the plant, and they may very well have been success 
ful Several plants for which single ongins are alleged such as the 
Chinese Primrose, the Dahlia, and Tobacco, came to us m an already 
domesticated state, and their origins remain altogether mysterious 
Formerly single origins were generally presumed, but at the present 
time numbers of the chief products of domestication, dogs, horses, 
cattle, sheep, poultry, wheat, oats, nee, plums, cherries, have in turn 
been accepted as ‘ polyphyletic,' or, in other words, derived from several 
distinct forms The reason that has led to these judgments is that the 
distinctions between the chief varieties can be traced as far back as the 
evidence reaches, and that these distanctions are so great, so far tran- 
scending anything that we actually know variation capable of effecting, 
that it seems pleasanter to postpone the difficulty, relegating the critical 
differentiation to some misty antiquity into which we shall not be asked 
to penetrate For it need scarcely be said that this is meie procrastina 
tion If the origin of a form under domestication is hard to imagine, it 
becomes no easier to conceive of such enormous deviations from type 
coming to pass in the wild state Examine any two thoroughly distinct 
species which meet each other m their distribution, as, for instance, 
Lychnts diuma and vesperttna do In areas of overlap are many inter- 
mediate forms These used to be taken to be transitional steps, and 
the specific distinctness of vespertina and diurna was on that account 
questioned Once it is known that these supposed intergrades aie 
merely mongrels between the two species the transition from one to the 
other IS practically beyond our powers of imagination to conceive If 
both these can survive, why has their common parent perished ? Why 
when they cross do they not reconstruct it instead of producing partially 
stenle hybnds? I take this example to show how entirely the facts 
were formerly misinterpreted 

When once the idea of a true-breeding — or, as we say, homozygous 
— type IS grasped, the problem of variation becomes an insistent oppres 
Sion What can make such a type vary? We know, of course, one 
way by which novelty can be introduced — ^by crossing Cross two 
well-marked varieties — for instance, of Chinese Primula — each breeding 
true, and in the second generation by mere recombination of the vanous 
factors which the two parental types severally introduced, there will 
be & profusion of forms, utterly unlike each other, distinct also from 
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variety, * Coral King,* we might claim this as a genuine example of 
variation by loss. The new variety is a simple recessive. It differs 
from ‘ Crimson King * only in one respect, the loss of a single colour- 
factor, and, of course, bred true from its origin. To account for the 
appearance of such a new form by any process of crossing is exceedingly 
difficult. Prom the nature of the case there can have been no cross 
since ‘ Crimson King * was established, and hence the salmon must 
have been concealed as a recessive from the first origin of that variety, 
even when it was represented by very few individuals, probably only by 
a single one. Surely, if any of these had. been heterozygous for salmon 
this recessive could hardly have failed to appear during the process of 
self-fertilisation by which tHe stock would be multiplied, even though 
that selling may not have been strictly carried out. Examples like this 
seem to me practically conclusive.® They can be challenged, but not, 
I think, successfully. Then again in regard to those variations in 
number and division of parts which we call meristic, the reference of 
these to original cross-breeding is surely barred by the circumstances in 
which they often occur. There remain also the rare examples men- 
tioned already in which a single wild origin may with much confidence 
be assumed. In spite of repeated trials, no one has yet succeeded in 
crossing the Sweet Pea with any other leguminous species. We know 
that early in its cultivated history it produced at least two marked 
varieties which I can only conceive of as spontaneously arising, though, 
no doubt, the profusion of forms we now have was made by the crossing 
of those original varieties. I mention the Sweet Pea thus prominently 
for another reason, that it introduces us to another though subsidiary 
form of variation, which may be described as a fractionation of factors. 
Some of my Mendelian colleagues have spoken of genetic factors as 
permanent and indestructible. Eelative permanence in a sense thej 
have, for they commonly come out unchanged after segregation. But 
I am satisfied that they may occasionally undergo a quantitative dis 
integration, with the consequence that varieties are produced inter- 
mediate between the integral varieties from which they were derived. 
These disintegrated conditions I have spoken of as subtraction — or 
reduction — ^stages. Por example, the Picotee Sweet Pea, with its 
purple edges, can surely be nothing but a condition produced by the 
factor which ordinarily makes the fully purple flower, quantitatively 
diminished. The pied animal, such as the Dutch rabbit, must similarly 
be regarded as the result of partial defect of the chromogen from which 
the pigment is formed, or conceivably of the factor which effects its 
oxidation. On such lines I think we may with great confidence 

• The numerous and most interesting ‘ mutations * recorded by Professor 
T. H. Morgan and his colleagues in the fly, Drosophila, may also be cited as 
unexceptionable cases. 
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variety, * Coral King,* we might claim this as a genuine example of 
variation by loss The new variety is a simple recessive It differs 
from ‘ Crimson King * only in one respect, the loss of a single colour- 
factor, and, of course, bred true from its origin To account for the 
appearance of such a new form by any process of crossing is exceedingly 
difficult Prom the nature of the case there can have been no cross 
since ‘ Crimson King * was established, and hence the salmon must 
have been concealed as a recessive from the first origin of that variety, 
even when it was represented by very few individuals, probably only by 
a single one Surely, if any of these had been heterozygous for salmon 
this recessive could hardly have failed to appeal during the process of 
self-fertilisation by which the stock would be multiplied, even though 
that selling may not have been strictly carried out Examples like this 
seem to me piactically conclusive ® They can be challenged, but not, 
I think, successfully Then again m regard to those variations in 
number and division of paits which we call meristic, the reference of 
these to original cross-breeding is surely barred by the circumstances in 
which they often occur There remain also the rare examples men 
tioned already in which a single wild origin may with much confidence 
be assumed In spite of repeated trials, no one has yet succeeded in 
crossing the Sweet Pea with any other leguminous species We know 
that early in its cultivated history it produced at least two marked 
varieties which I can only conceive of as spontaneously arising, though, 
no doubt, the profusion of forms we now have was made by the crossing 
of those original vaiieties I mention the Sweet Pea thus prominently 
for another reason, that it introduces us to another though subsidiary 
form of variation, which may be described as a fractionation of factois 
Some of my Mendelian colleagues have spoken of genetic factors as 
permanent and indestructible Eelative permanence in a sense thej 
have, for they commonly come out unchanged after segregation But 
I am satisfied that they may occasionally undergo a quantitative dis 
integration, with the consequence that varieties are produced inter 
mediate between the integral varieties from which they were derived 
These disintegrated conditions I have spoken of as subtraction — or 
reduction — ^stages Poi example, the Picotee Sweet Pea, with its 

purple edges, can suiely be nothing but a condition produced by the 
factor which ordinarily makes the fully purple flower, quantitatively 
diminished The pied animal, such as the Dutch rabbit, must similarly 
be regarded as the result of partial defect of the chiomogen from which 
the pigment is formed, or conceivably of the factor which effects its 
oxidation On such lines I think we may with great confidence 

• The numerous and most interesting ‘ mutations * recorded by Professor 
T H Morgan and his colleagues in the fly, Drosophila, may also be cited as 
unexceptionable cases 
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interpret all those mtergrading forms which breed true and are not 
produced by factorial interference 

It IS to be inferred that these fractional degradations are the con- 
sequence of irregularities in segregation We constantly see iriegulari- 
ties in the ordinary meristic processes, and m the distribution of somatic 
differentiation We are familiar with half segments, with imperfect 
twinning, with leaves partially petaloid, with petals partially sepaloid 
All these are evidences of departures from the normal regularity m the 
rhythms of repetition, or in those waves of differentiation by which the 
qualities are sorted out among the parts of the body Similarly, when 
m segregation the qualities are sorted out among the germ-cells m 
certain critical cell-divisions, we cannot expect these differentiating 
divisions to be exempt from the impel fections and inegularities which 
are found in all the grosser divisions that we can observe If I am 
right, we shall find evidence of these ii regularities in the association 
of unconformable numbers with the appearance of the novelties which 
I have called fractional In passing let us note how the history of the 
Sweet Pea belies those ideas of a continuous evolution with which we 
had formerly to contend The big varieties came first The little ones 
have arisen later, as I suggest by fractionation Presented with a 
collection of modern Sweet Peas how prettily would the devotees of 
Continuity have arranged them in a graduated series, showing how 
every mtergrade could be found, passing from the full colour of the 
wild Sicilian species m one direction to white, in the other to the 
deep purple of ‘ Black Prince, ' though happily we know these two to be 
among the earliest to have appeared 

Having in view these and other considerations which might be 
developed, I feel no reasonable doubt that though we may have to 
forgo a claim to variations by addition of factors, yet variation both by 
loss of factors and by fractionation of factois is a genuine phenomenon 
of contemporary nature If then we have to dispense, as seems likely, 
with any addition from without we must begin seriously to consider 
whether the course of Evolution can at all reasonably be represented as 
an unpacking of an original complex w^hich contained within itself the 
whole range of diversity which living things present I do not suggest 
that we should come to a judgment as to what is or is not probable in 
these respects As I have said already, this is no time for devismg 
theories of Evolution, and I propound none But as we have got to 
recognise that there has been an Evolution, that somehow or other the 
forma of life have arisen from fewer forma, we may as well see whether 
we are limited to the old view that evolutionary progress is from the 
simple to the complex, and whether after all it is conceivable that the 
process was the other way about When the facts of genetic discovery 
become familiarly known to biologists, and cease to be the preoccupa- 
1914 o 
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tion of a few, as they still are, many and long discussions must 
inevitably arise on the question, and I offer these remarks to pre- 
pare the ground I ask you simply to open your minds to this 
possibility It involves a certain effort We have to reverse our 
habitual modes of thought At fiyst it may seem rank absurdity to 
suppose that the primordial form or forms of protoplasm could have 
contained complexity enough to produce the divers types of life But 
is it easier to imagine that these powers could have been conveyed by 
extrinsic additions^ Of what nature could these additions be? Additions 
of material cannot surely be in question We are told that salts of 
iron in the soil may turn a pink hydrangea blue The iron cannot be 
passed on to the next generation How can the iron multiply itself ^ 
The power to assimilate the iron is all that can be transmitted A 
disease-producing organism like the pebrine of silkworms can m a very 
few cases be passed on through the germ-cells Such an organism can 
multiply and can produce its characteristic effects in the next genera- 
tion But it does not become part of the invaded host, and we cannot 
conceive it taking part in the geometrically ordered processes of segre- 
gation These illustrations may seem too gross , but what refinement 
Will meet the requirements of the problem, that the thing introduced 
must be, as the living organism itself is, capable of multiplication and 
of subordinating itself in a definite system of segregation ? That which 
is conferred in variation must rather itself be a change, not of material, 
but of arrangement, or of motion The invocation of additions extrinsic 
to the organism does not seriously help us to imagine how the power to 
change can be confeired, and if it prove that hope in that direction 
must be abandoned, I think we lose very little By the re arrangement 
of a very moderate numbei of things we soon leach a numbei of possi- 
bilities practically infinite 

That primordial life may have been of small dimensions need not 
disturb us Quantity is of no account m these considerations 
Shakespeare once existed as a speck of protoplasm not so big as a 
small pin’s head To this nothing was added that would not equally 
well have seived to build up a baboon or a rat Let us consider how far 
we can get by the process of lemoval of what we call ‘epistatic ’ factors, 
m other words those that control, mask, oi suppiess underlying powers 
and faculties I have spoken of the vast range of colours exhibited by 
modern Sweet Peas There is no question that these have been deiived 
from the one wild bi colour form by a process of successive removals 
When the vast range of form, size, and flavour to be found among the 
cultivated apples is considered it seems difficult to suppose that all this 
variety is hidden in the wild crab-apple I cannot positively assert that 
this IS so, but I think all familiar with Mendehan analysis would agree 
with me that it is probable, and that the wild crab contains presumably 



president’s address. 


19 


inhibiting elements which the cultivated kinds have lost The legend 
that the seedlings of cultivated apples become crabs is often repeated 
After many inquiries among the raisers of apple seedlings I have never 
found an authentic case — once only even an alleged case, and this 
on inquiry proved to be unfounded I have confidence that the artistic 
gifts of mankind will prove to be due not to something added to the 
make-up of an ordinary man, but to the absence of factors which in the 
normal person inhibit the development of these gifts They are almost 
beyond doubt to be looked upon as releases of powers normally sup- 
pressed The instrument is there, but it is ‘ stopped down * The 
scents of flowers or fruits, the finely lepeated divisions that give its 
quality to the wool of the Merino, or in an analogous case the multi- 
plicity of quills to the tail of the fantail pigeon, are in all probability 
other examples of such releases You may ask what guides us in the 
discrimination of the positive factors and how we can satisfy ourselves 
that the appearance of a quality is due to loss It must be conceded 
that in these determinations we have as yet recourse only to the effects 
of dominance When the tall pea is crossed with the dwarf, since the 
offspring is tall we say that the tall parent passed a factor into the 
cross-bred which makes it tall The pure tall parent had two doses of 
this factor , the dwarf had none , and since the cross-bred is tall we say 
that one dose of the dominant tallness is enough to give the full height 
The reasoning seems unanswerable But the commoner result of cross- 
ing IS the production of a form intermediate between the two pure 
parental types In such examples we see clearly enough that the full 
parental characteristics can only appear when they are homozygous — 
formed from similai germ cells, and that one dose is msufi&cient to 
produce either efiect fully When this is so we can never be sure 
which side is positive and which negative Since, then, when dominance 
IS incomplete we find ourselves in this difficulty, we perceive that the 
amount of the effect is our only criterion m distinguishing the positive 
fiom the negative, and when we return even to the example of the 
tall and dwarf peas the matter is not so certain as it seemed Professor 
Cockerell lately found among thousands of yellow sunflowers one 
which was partly red By breeding he raised from this a form wholly 
led Evidently the yellow and the wholly red are the pure forms, and 
the partially red is ^he heterozygote We may then say that the yellow 
IS YY with two doses of a positive factoi which inhibits the development 
of pigment, the red is yy, with no dose of the inhibitor, and the 
partially red are Yy, with only one dose of it But we might be tempted 
to think the red was a positive characteristic, and invert the expressions, 
representing the red as RR, the partly led as Br, and the yellow as 
rr According as we adopt the one or the other system of expression 
we shall interpret the evolutionary change as one of loss or as one of 
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addition May we not interpret the other apparent new dominants in 
the same way? The white dominant m the fowl or in the Chinese 
Primula can inhibit colour But may it not be that the original coloured 
fowl or Primula had two doses of a factor which inhibited this inhibitor ^ 
The Pepper Moth, Amphidasys betulana, produced m England about 
1840 a black variety, then a novelty, now common in certain areas, 
which behaves as a full dominant The pure blacks are no blacker 
than the cross-bred Though at first sight it seems that the black 
must have been something added, we can without absurdity suggest 
that the normal is the term in which two doses of inhibitor are present, 
and that in the absence of one of them the black appears 

In spite of seeming perversity, therefore, we have to admit that 
there is no evolutionary change which in the present state of our know- 
ledge we can positively declare to be not due to loss When this has 
been conceded it is natural to ask whether the removal of inhibiting 
factors mav not be invoked in alleviation of the necessity which has 
driven students of the domestic breeds to refer their diversities to 
multiple origins Something, no doubt, is to be hoped for in that 
direction, but not until much better and more extensive knowledge of 
what variation by loss may effect in the living body can we have any real 
assurance that this difficulty has been obviated We should be greatly 
helped by some indication as to whether the origin of life has been single 
or multiple Modern opinion is, perhaps, inclining to the multiple 
theory, but we have no real evidence Indeed, the problem still stands 
outside the range of scientific investigation, and when we hear the 
spontaneous formation of formaldehyde mentioned as a possible first 
step in the origin of life, we think of Harry Lauder in the character of 
a Glasgow schoolboy pulling out his treasures from his pocket — " That's 
a wassher — for makkin ' motor cars ' I 

As the evidence stands at present all that can be safely added in 
amplification of the evolutionary creed may be summed up m the 
statement that variation occurs as a definite event often producing a 
sensibly discontinuous result, that the succession of varieties comes 
to pass by the elevation and establishment of sporadic groups of 
individuals owing their origin to such isolated events, and that 
the change which we see as a nascent variation is often, perhaps 
always, one of loss Modern research lends not the smallest encourage- 
ment or sanction to the view that gradual evolution occurs by the trans 
formation of masses of individuals, though that fancy has fixed itself on 
popular imagination The isolated events to which variation is due are 
evidently changes m the germinal tissues, probably in the manner m 
which they divide It is likely that the occurrence of these variations 
IS wholly irregular, and as to their causation we are absolutely without 
surmise or even plausible speculation Distinct types once arisen, no 
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doubt a profusion of the forms called species have been derived from 
them by simple crossing and subsequent recombination New species 
may be now in course of creation by this means, but the limits of the 
process are obviously narrow On the other hand, we see no changes in 
piogress around us in the contemporary world which we can imagine 
likely to culminate in the evolution of forms distinct m the larger sense 
By intercrossing dogs, jackals, and wolves new forms of these types 
can be made, some of which may be species, but I see no reason to 
think that from such material a fox could be bred in indefinite time, or 
that dogs could be bred from foxes 

Whether Science will hereafter discover that certain groups can by 
peculiarities in their genetic physiology be declared to have a preroga- 
tive quality justifying their recognition as species in the old sense, and 
that the differences of others are of such a subordinate degree that they 
may in contrast be termed varieties, fuither genetic research alone can 
show I myself anticipate that such a discovery will be made, but I 
cannot defend the opinion with positive conviction 

Somewhat reluctantly, and rather from a sense of duty, I have 
devoted most of this Address to the evolutionary aspects of genetic 
research We cannot keep these things out of our heads, though some- 
times we wish we could The outcome, as you will have seen, is 
negative, destroying much that till lately passed for gospel Destruc- 
tion may be useful, but it is a low kind of work We are just about 
where Boyle was in the seventeenth century We can dispose of 
Alchemy, but we cannot make inoie than a quasi-chemistry We are 
awaiting our Priestley and our Mendel6eff In truth it is not these 
wider aspects of genetics that are at present our chief concern They 
will come in their time The great advances of science are made like 
those of evolution, not by imperceptible mass-improvement, but by the 
sporadic birth of penetrative genius The journeymen follow after him, 
widening and clearing up, as we are doing along the track that Mendel 
found 


Part II —SYDNEY ^ 

At Melbourne I spoke of the new knowledge of the pioperties of 
living things which Mendelian analysis has bi ought us I indicated 
how these discoveries are affecting our outlook on that old problem 
of natural history, the origin and nature of Species, and the chief 
conclusion I diew was the negative one, that, though we must hold 
to our faith in the Evolution of Species, there is httle evidence as to 
how it has come about, and no clear proof that the process is con- 
tinuing m any considerable degree at the piesent time The thought 

' Delivered m Sydney on Thursday, August 20, 1914 
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uppermost m our minds is that knowledge of the nature of life is 
altogether too slender to warrant speculation on these fundamental 
subjects Did we presume to offer such speculations they would 
have no more value than those which alchemists might have made as 
to the nature of the elements But though in regard to these 
theoretical aspects we must confess to such deep ignorance, enough has 
been learnt of the general course of heredity within a single species to 
justify many practical conclusions which cannot in the main be shaken 
I propose now to develop some of these conclusions in regard to our 
own species, Man 

In my former Addiess I mentioned the condition of certain animals 
and plants which are what we call ‘ polymorphic * Their populations 
consist of individuals of many types, though they bleed freely together 
with perfect fertility In cases of this kind which have been suffi- 
ciently investigated it has been found that these distmctions — some- 
times very great and affecting most diverse features of organisation — 
are due to the presence or absence of elements, or factors as we call 
them, which are treated in heredity as separate entities These 
factors and their combinations produce the characteristics which we 
perceive No individual can acquire a particular characteristic unless 
the requisite factois entered into the composition of that individual 
at fertilisation, being received either from the father or from the 
mother or from both, and consequently no individual can pass on to 
his offspring positive characters which he does not himself possess 
Rules of this kind have already been traced m operation in the human 
species, and though I admit that an assumption of some magnitude 
IS involved when we extend the application of the same system to 
human characteristics in general, yet the assumption is one which 
I believe we are fully justified in making With little hesitation we 
can now declare that the potentialities and aptitudes, physical as well 
as mental, sex, colours, powers of work or invention, liability to 
diseases, possible duration of life, and the other features by which the 
members of a mixed population differ from each other, are determined 
from the moment of fertilisation, and by all that we know of heredity 
in the forms of life with which we can experiment we are compelled 
to believe that these qualities are in the mam distributed on a factorial 
system By changes m the outward conditions of life the expression 
of some of these powers and features may be excited or restrained 
For the development of some an external opportunity is needed, and 
if that be withheld the character is never seen, any more than if the 
body be starved can the full height be attained, but such influences 
are superficial and do not alter the genetic constitution 

The factors which the individual receives from his parents and no 
others are those which he can transmit to his offspring, and if a factor 
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was received from one parent only, not more than half the offspring, 
on an average, will inhent it What is it that has so long prevented 
mankind from discovering such simple facts? Primarily the circum- 
stance that as man must have two parents it is not possible quits 
easily to detect the oontnbutions of each The individual body is a 
double structure, whereas the germ-cells are single Two germ-cells 
unite to produce each individual body, and the ingredients they respec- 
tively contribute interact in ways that leave the ultimate product a 
medley in which it is difficult to identify the several ingredients When, 
however, their effects are conspicuous the task is by no means impos- 
sible In part also even physiologists have been blinded by the survival 
of ancient and obscurantist conceptions of the nature of man by which 
they were discouraged from the application of any rigorous analysis 
Medical literature still abounds with traces of these archaisms, and, 
indeed, it is only quite recently that prominent horse-breeders have 
come to sec that the dam matters as much as the sire For them, 
though vast pecuniary considerations were involved, the old ‘ homun- 
culus ' theory was good enough We were amazed at the notions 
of genetic physiology which Professoi Baldwin Spencer encountered 
m his wonderful researches among the natives of Cential Austialia, 
but in ti*uth, if we reflect that these problems have engaged the atten- 
tion of civilised man for ages, the fact that he, with all his poweis 
of recoiding and deduction, failed to dlsco^el any part of the Mendelian 
system is almost as amazing The popular notion that any parents 
can have any kind of children within the racial limits is central y to 
all experience, yet we have giavely entertained such ideas As I ha\e 
said elsewhere, the truth might have been found out at any period 
in the world's history if onl^ pedigrees had been drawn the right 
way up If, instead of exhibiting the successive pairs of progenitois 
who have contributed to the making of an ultimate individual, some 
one had had the idea of setting out the posterity of a single ancestor 
who possessed a marked feature such as the Habsbuig lip, and showing 
the transmission of this feature along some of the descending branches 
and the peimanent loss of the featuie in collaterals, the essential 
tiuth that heiedity can be expiessed in terms of piesence and absence 
must have at once become apparent For the descendant is not, as he 
appears in the conventional pedigree, a sort of pool into which each 
tnbutary ancestral stream has pouied something, but rather a con- 
glomerate of ingredient characters taken from his progenitois in such 
a way that some ingredients are repiesented and others are omitted 
Let me not, however, give the impiession that the unravelling of 
such descents is easy Even with fairly full details, which in the case 
of man are very rarely to be had, many complications occur, often 
preventing us from obtaimng more than a rough general indication of 
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the system of descent The nature of these complications we partly 
understand from our expenence of animals and plants which are 
amenable to breeding under careful restrictions, and we know that 
they are mostly referable to various effects of interaction between 
factors by which the presence of some is masked 

Necessarily the clearest evidence of regulaiity in the inheritance 
of human characteristics has been obtained in regard to the descent 
of marked abnormalities of structure and congenital diseases Of the 
descent of ordinary distinctions such as are met with in the normal 
healthy population we know little for certain Hurst’s evidence, that 
two parents both with light-coloured eyes — in the strict sense, meaning 
that no pigment is present on the front of the ins — do not have dark- 
eyed children, still stands almost alone in this respect With regard 
to the inheritance of other colour-characteristics some advance has been 
made, but everything points to the inference that the genetics of colour 
and many other features in man will piove exceptionally complex 
There are, however, plenty of indications of system comparable with 
those which we trace in various animals and plants, and we are assured 
that to extend and clarify such evidence is only a matter of careful 
analysis For the present, in asserting almost any general rules for 
human descent, we do right to make large reseivations for possible 
exceptions It is tantalising to have to wait, but of the ultimate lesult 
there can be no doubt 

I spoke of complications Two of these are worth illustrating here, 
for probably both of them play a great part in human genetics It 
was discovered by Nilsson-Ehle, in the course of expeiiments with 
certain wheats, that several factors liaving the same power may co exist 
in the same individual These cumulative factors do not necessarily 
produce a cumulative effect, for any one of them may suffice to give 
the full result Just as the pure-bred tall pea with its two factors for 
tallness is no taller than the cross-bred with a single factor, so these 
wheats with three pairs of factors for red colour are no redder than the 
ordinary reds of the same family Similar observations have been 
made by East and others In some cases, as in the Primulas studied 
by Gregory, the effect is cumulative These results have been used 
with plausibility by Davenpoit and the Ameiican woikers to elucidate 
the curious case of the mulatto If the descent of colour in the cross 
between the negro and the white man followed the simplest rule, the 
offspring of two first cross mulattos would be, on an average, one 
black two mulattos one white, but this is notoriously not so 
Evidence of some segregation is fairly clear, and the deficiency of real 
whites may perhaps be accounted for on the hypothesis of cumulative 
factors, though by the nature of the case strict proof is not to be had 
But at present I own to a preference for regarding such examples as 
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instances of imperfect segregation The senes of germ-cells produced 
by the cross-bred consists of some with no black, some with full black, 
and others with intermediate quantities of black No statistical tests 
of the condition of the gametes in such cases exist, and it is likely that 
by choosing suitable crosses all sorts of conditions may be found, 
ranging from the simplest case of total segregation, in which there are 
only two forms of gametes, up to those in which there are all inter- 
mediates in various proportions This at least is what general experi- 
ence of hybrid products leads me to anticipate Segregation is 
somehow effected by the rhythms of cell division, if such an expression 
may be permitted In some cases the whole factor is so easily separated 
that it IS swept out at once , m others it is so intermixed that gametes of 
all degrees of purity may result That is admittedly a crude metaphor, 
but as yet we cannot substitute a better Be all this as it may, there are 
many signs that in human heredity phenomena of this kind are common, 
whether they indicate a multiplicity of cumulative factors or imper- 
fections in segregation Such phenomena, however, in no way detract 
from the essential truths that segregation occurs, and that the organism 
cannot pass on a factor which it has not itself received 

In human heredity we have found some examples, and I believe 
that we shall find many more, in which the descent of factors is limited 
by sex The classical instances are those of colour blindness and 
hsemophilia Both these conditions occur with much greater frequency 
in males than in females Of colour-blindness at least we know that 
the sons of the colour blind man do not inherit it (unless the mother 
IS a transmitter) and do not tiansmit it to their children of eithei 
sex Some, piobably all, of the daugliteis of tlie colour-blind fathei 
inherit the character, and though not themselves colour-blind, they 
transmit it to some (probably, on an average, half) of their offspring 
of both sexes For since these normal sighted women have only 
received the colour blindness from one side of their parentage, only 
half their offspiing, on an average, can inheiit it The sons who 
inherit the colour blindness will be colour blind, and the inhenting 
daughters become themselves again transmitters Males with 
normal colour- vision, whate\ei their own parentage, do not have colour- 
blind descendants, unless they many transmitting women Theie 
are points still doubtful in the interpretation, but the critical fact is 
clear, that the germ cells of the colour-blind man are of two kinds 
(i) those which do not carry on the affection and are destined to take 
part in the formation of sons, and (ii) those which do carry on the 
colour-blindness and are destined to form daughters There is evidence 
that the ova also are similarly predestined to form one or other of the 
sexes, but to discuss the whole question of sex -determination is beyond 
my present scope The descent of these sex-limited affections never- 
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theless calls for mention here, because it is an admirable illustration of 
factorial predestination It moreover exemplifies that parental polanty 
of the zygote to which I alluded in my first Addiess, a phenomenon 
which we suspect to be at the bottom of vanous anomalies of heredity, 
and suggests that there may be truth in the popular notion that in 
some respects sons resemble their mothers and daughters their fathers 
As to the descent of hereditaiy diseases and malformations, however, 
we have abundant data for deciding that many are transmitted as 
doimnants and a few as recessives The most remarkable collection 
of these data is to be found in family histones of diseases of the eye 
Neurology and dermatology have also contributed many very instructs e 
pedigrees In great measure the ophthalmological material was 
collected by Edwaid Neltleship, for whose death we so lately grieved 
After retiring from practice as an oculist he devoted several years to 
this most laborious task He was not content with hearsay evidence, 
but travelled incessantly, personally examining all accessible membeis 
of the families concerned, working in such a way that his pedigrees 
are models of orderly observation and recording His zeal stimulated 
many younger men to take part in the work, and it will now go on, 
with the lesult that the systems ot descent of all the common hereditary 
diseases of the eye will soon be known with approximate accuracy 
Give a little imagination to considering the chief deduction from 
this woik Technical details apait, and granting that we cannot 
wholly interpret the numeiical results, sometimes noticeably moie and 
sometimes fewer descendants of these patients being affected than 
Mendelian formulae would indicate, the expectation is that in the case 
of many diseases of the eye a large proportion of the children, giand- 
children, and remoter descendants of the patients will be affected with 
the disease Sometimes it is only defective sight that is transmitted, 
in other cases it is blindness, eithei from birth oi coming on at some 
later age The most striking example perhaps is that of a fomi of 
night-blindness still prevalent in a district near Montpellier, which 
has affected at least 130 persons, all descending from a single affected 
individual ® who came into the country in the seventeenth century 
The tiansmission is in every case through an affected parent, and no 
normal has been known to pass on the condition Such an example 
well serves to illustrate the fixity of the rules of descent Similar 
instances might be recited relating to a great variety of other conditions, 
some trivial, others grave 

• The first human descent proved to follow Mendelian rules was that of a 
serious malformation of the hand studied by Farabee in America Drink water 
subsequently worked out pedigrees for the same malformation in England After 
many attempts, he now tells me that he has succeeded in proving that the 
American family and one of his own had an abnormal ancestor in common, five 
generations ago 
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At various tunes it has been declared that men are born equal, and 
that the inequality is brought about by unequal opportumties 
Acquaintance with the pedigrees of disease soon shows the fatuity of 
such fancies The same conclusion, we may be sure, would result 
from the true representation of the descent of any human faculty 
Never since Galton's publications can the matter have been in any 
doubt At the time he began to study family histones even the broad 
sigmficance of heredity was frequently denied, and resemblances to 
parents or ancestors weie looked on as interesting curiosities 
Inveighing against hereditary political institutions, Tom Paine remarks 
that the idea is as absurd as that of an ' hereditary wise man,* or an 
* hereditary mathematician, * and to this day I suppose many people are 
not aware that he is saying anything more than commonly foolish 
We, on the contrary, would feel it something of a puzzle if two parents, 
both mathematically gifted, had any children not mathematicians 
Galton first demonstrated the overwhelming importance of these con- 
siderations, and had he not been misled, partly by the theory of 
pangenesis, but more by his mathematical instincts and training, which 
prompted him to apply statistical treatment rather than qualitative 
analysis, he might, not improbably, have discoveied the essential facts 
of Menddism 

It happens rarely that science has anything to offer to the common 
stock of ideas at once so compiehensive and so simple that the courses 
of our thoughts are changed Contnbutions to the material progress 
of mankind are comparatively frequent They result at once in 
application Transit is quickened , communication is made easier , the 
food-supply IS increased and population multiphed By direct applica- 
tion to the breeding of animals and plants such results must even 
flow from Menders work But I imagine the greatest practical change 
likely to ensue from modem genetic discovery will be a quickening of 
interest in the true nature of man and in the biology of laces I have 
spoken cautiously as to the evidence for the operation of any simple 
Mendelian system in the descent of human faculty , yet the certainty 
that systems which diffei from the simpler schemes only in degree of 
complexity are at work in the distribution of characters among the 
human population cannot fail to influence our conceptions of hfe and 
of ethics, leading perhaps ultimately to modification of social usage 
That change cannot but be in the mam one of simplification The 
eighteenth century made great pretence of a return to nature, but it 
did not occur to those philosophers first to inquire what nature is, 
and perhaps not even the patnstic writings contain fantasies much 
further from physiological tmth than those which the rationalists of 
the * EncyclopsB^a * adopted as the basis of their social schemes For 
men are so far from being born equal or similar that to the naturahst 
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they stand as the very type of a polymorphic species Even most of 
our local races consist of many distinct strains and individual types 
From the population of any ordinary English town as many distinct 
human breeds could in a few generations be isolated as there are now 
breeds of dogs, and indeed such a population in its present state is 
much what the dogs of Europe would be in ten years’ time but for the 
interference of the fanciers Even as at present constituted, owing 
to the isolating effects of instinct, fashion, occupation, and social class, 
many mcipient strains already exist 

In one respect civilised man differs from all other species of animal 
or plant in that, having prodigious and ever increasing power over 
nature, he invokes these powers for the preservation and maintenance 
of many of the inferior and all the defective members of his species 
The inferior freely multiply, and the defective, if their defects be not 
so grave as to lead to their detention in prisons or asylums, multiply 
also without restraint Heredity being strict in its action, the conse- 
quences are in civilised countries much what they would be in the 
kennels of the dog-breeder who continued to preserve all his puppies, 
good and bad the pioportion of defectives increases The increase is 
so considerable that outside every great city there is a smaller town 
inhabited by defectives and those who wait on them Round London 
we have a ring of such towns with some 30,000 mhabitants, of whom 
about 28,000 are defective, largely, though of course by no means 

entirely, bred fiom previous generations of defectives Now, it is not 

for us to consider practical measures As men of science we obseive 
natural events and deduce conclusions fiom them I may peihaps be 
allowed to say that the remedies proposed in America, in so far as they 
aim at the eugenic regulation of marriage on a comprehensive scale, 
strike me as devised without regard to the needs either of individuals 
or of a modern State Undoubtedly if they decide to breed their 
population of one umform puritan grey, they can do it in a few 

generations, but I doubt if timid respectability will make a nation 

happy, and I am sure that qualities of a different sort are needed if it 
IS to compete with more vigorous and more varied communities 
Everyone must have a preliminary sympathy with the aims of eiigenists 
both abroad and at home Their efforts at the least are doing some- 
thing to discover and spread truth as to the physiological structure of 
society The spirit of such organisations, however, almost of 
necessity suffers from a bias towards the accepted and the ordinary, 
and if they had power it would go hard with many ingredients of 
Society that could be ill-spared I notice an ominous passage in which 
Bven Galton, the founder of eugenics, feeling perhaps some twinge of 
his Quaker ancestry, remarks that ‘ as the Bohemianism in the nature 
3f our race is destined to perish, the sooner it goes, the happier for 



president’s address. 


29 


mankind * It is not the eugenists who will give us what Plato has called 
divine releases from the common ways If some fancier with the 
catholicity of Shakespeare would take us in hand, well and good , but 
I would not trust even Shakespeares meeting as a committee Let us 
remember that Beethoven’s father was an habitual drunkard and that 
his mother died of consumption From the genealogy of the patriarchs 
also we learn — what may very well be the truth — that the fathers of 
such as dwell in tents, and of all such as handle the harp or organ, 
and the instructor of every artificer in brass and iron — ^the founders, 
that IS to say, of the arts and the sciences — came in direct descent 
from Cain, and not in the posterity of the irreproachable Seth, who 
is to us, as he probably was also in the narrow circle of his own 
contemporaries, what naturalists call a nomen nudum 

Genetic research will make it possible for a nation to elect by what 
sort of beings it will be represented not very many generations hence, 
much as a farmer can decide whether his byres shall be full of short- 
horns or Herefords It will be very surprising indeed if some nation 
does not make trial of this new power They ma> make awful mis 
takes, but I think they will try 

Whether we like it or not, extraordinary and far-reaching changes in 
public opinion are coming to pass Man is just beginning to know 
himself for what he is — a rather long lived animal, with great powers 
of enjoyment if he does not deliberately forgo them Hitherto 
superstition and mythical ideas of sin have predominantly controlled 
these powers Mysticism will not die out for those strange fancies 
knowledge is no cure, but their forms may change, and mysticism as 
a force for the suppression of joy is happily losing its hold on the 
modem world As in the decay of earlier religions Ushabti dolls 
were substituted for human victims, so telepathy, necromancy, and 
other harmless toys take the place of eschatology and the inculcation 
of a ferocious moral code Among the civilised races of Europe we 
are witnessing an emancipation from traditional control in thought, m 
art, and in conduct which is likely to have prolonged and wonderful 
influences Eeturnmg to freei or, if you will, simpler conceptions of 
life and death, the coming generations aie determined to get more out 
of this world than their forefathers did Is it then to be supposed 
that when science puts into their hand means for the alleviation of 
suffering immeasurable, and for making this world a happier place, 
that they will demur to using those powers^ The mtenser struggle 
between communities is only now beginning, and with the approach- 
ing exhaustion of that capital of energy stored in the eaith before man 
began it must soon become still more fierce In England some of our 
great-grandchildren will see the end of the easily accessible coal, and, 
failing some miraculous discovery of available energy, a wholesale 
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reduction in population There are races who have shown themselves 
able at a word to throw off all tradition and take into their service 
every power that science has yet offered them Can we expect that 
they, when they see how to rid themselves of the ever-increasmg 
weight of a defective population, will hesitate? The time cannot be 
far distant when both individuals and communities will begin to 
think in terms of biological fact, and it behoves those who lead 
scientific thought carefully to consider whither action should lead 
At present I ask you merely to observe the facts The powers of 
science to preserve the defective are now enormous Every year 
these powers increase This course of action must reach a limit 
To the deliberate intervention of civilisation for the preservation of in- 
ferior, strains there must sooner or later come an end, and before long 
nations will realise the responsibility they have assumed in multiplying 
these * cankers of a calm world and a long peace * 

The definitely feeble-minded we may with propriety restrain, as 
we are beginning to do even in England, and we may safely prevent 
unions in which both parties are defective, for the evidence shows 
that as a rule such marriages, though often prolific, commonly produce 
no normal children at all The union of such social vermin we should 
no more pennit than we would allow parasites to breed on our own 
bodies Further than that in restraint of marriage we ought not to 
go, at least not yet Something too may be done by a reform of 
medical ethics Medical students are taught that it is their duty to 
prolong life at whatever cost in suffering This may have been right 
when diagnosis was uncertain and interference usually of small effect, 
but deliberately to interfere now for the preservation of an infant so 
gravely diseased tha4> it can never be happy or come to any good is 
very like wanton cruelty In pnvate few men defend such inter- 
ference Most who have seen these cases lingering on agree that 
the system is deplorable, but ask where can any line be drawn The 
biologist would reply that in all ages such decisions have been made by 
civilised communities with fair success both m regard to crime and 
in the closely analogous case of lunacy The real reason why these 
things are done is because the world collectively cherishes occult 
views of the nature of life, because the facts are realised by few, and 
because between the legal mind — ^to which society has become accus- 
tomed to defer — and the seeing eye, there is such physiological 
antithesis that hardly can they be combined in the same body So 
soon as scientific knowledge becomes common property, views more 
reasonable and, I may add, more humane, are likely to prevail 

To all these great biological problems that modern society must 
sooner or later face there are many aspects besides the obvious ones 
Infant mortality we are asked to lament without the slightest thought 
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of whsufc the world would be hke if the majority of these infants 
were to survive The decline in the birth-rate in countries already 
over-populated is often deplored, and we are told that a nation m 
which population is not rapidly increasing must be in a decline The 
slightest acquaintance with biology, or even school-boy natural history, 
shows that this inference may be entirely wrong, and that before such 
a question can be decided in one way or the other, hosts of considera- 
tions must be taken into account In normal stable conditions 
population IS stationary The laity never appreciates, what is so clear 
to a biologist, that the last century and a quarter, corresponding with 
the great rise in population, has been an altogether exceptional period 
To our species this period has been what its early years in Australia 
were to the rabbit The exploitation of energy-capital of the eaith in 
coal, development of the new countries, and the consequent pouring 
of food into Europe, the application of antiseptics, these are the things 
that have enabled the human population to increase I do not doubt 
that if population were more evenly spread over the earth it might 
increase very much more, but the essential fact is that under any 
stable conditions a limit must be reached A pair of wrens will bnng 
oft a dozen young every year, but each year you will find the same 
number of pears in your garden In England the limit beyond which 
under present conditions of distribution increase of population is a 
source of suffering rather than of happiness has been reached already 
Younger communities living in teiritoiies laigely vacant aie veiy 
probably right in desiring and encouraging more population Increase 
may, for some temporaiy reason, be essential to their prosperity But 
those who live, as I do, among thousands of creatures in a state of 
semi-starvation will realise that too few is bettei than too many, and 
will acknowledge the wisdom of Ecclesiasticiis who said ‘ Desiie not a 
multitude of unprofitable childien ’ 

But at least it is often urged that the dechne in the biith-rate of 
the intelligent and successful sections of the population — I am speaking 
of the oldei communities — is to be legretted Even this cannot be 
granted without qualification As the biologist knows, differentiation 
is indispensable to progress If population were homogeneous civilisa- 
tion would stop In every army the officers must be comparatively 
few Consequently, if the upper strata of the community produce 
more children than will recruit then niimbeis some must fall into the 
lower strata and inciease the pressuie there Statisticians tell us that 
an average of four childien under present conditions is sufficient to 
keep the number constant, and as the expectation of life is steadily 
improving we may perhaps contemplate some diminution of that number 
without alarm 
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In the study of history biological treatment is only beginning to be 
applied For us the causes of the success and failure of races are 
physiological events, and the progress of man has depended upon a 
chain of these events, like those which have resulted in the ‘ improve- 
ment * of the domesticated animals and plants It is obvious, for 
example, that had the cereals nevei been domesticated cities could 
scarcely have existed But we may go further, and say that in tem- 
perate countries of the Old World (having neither nee nor maize) 
populations concentrated in large cities have been made possible by 
the appearance of a ‘ thrashable * wheat The ears of the wild wheats 
break easily to pieces, and the gram remains in the thick husk Such 
wheat can be used for food, but not readily Ages before written 
history began, in some unknown place, plants, or more likely a plant, 
of wheat lost the dominant factor to which this brittleness is due, and 
the recessive, thrashable wheat resulted Some man noticed this 
wonderful novelty, and it has been disseminated ovei the eaitli The oii- 
ginal variat’on may well have occurred once only, in a single germ cell 
So must it have been with Man Translated into terms of factors, 
how has that progress m control of nature which we call civilisation 
been achieved^ By the sporadic appearance of variations, mostly, per- 
haps all, consisting in a loss of elements, which inhibit the free 
working of the mind The members of civilised communities, when 
they think about such things at all, imagine the process a giadual one, 
and that they themselves are active agents in it Pew, however, contri- 
bute anything but their labour, and except in so far as they have 
freedom to adopt and imitate, their physiological composition is that 
of an earlier order of beings Annul the work of a few hundreds — 
I might almost say scores — of men, and on what plane of civilisation 
should we be? We should not have advanced beyond the mediseval 
stage without printing, chemistry, steam, electncity, or surgery worthy 
the name These things are the contributions of a few excessively rare 
minds Galton reckoned those to whom the term ‘ illustrious * might 
be applied as one in a million, but m that number he is, of course, 
reckoning men famous in ways which add nothing to universal progress 
To improve by subordinate invention, to discover details missed, even 
to apply knowledge never before applied, all these things need genius 
in some degree, and are far beyond the powers of the average man of 
our race, but the true pioneer, the man whose penetration creates a 
new world, as did that of Newton and of Pasteur, is inconceivably 
lare But for a few thousands of such men, we should perhaps be in 
the Palaeolithic era, knowing neither metals, writing, arithmetic, 
weaving, nor pottery 

In the history of Art the same is true, but with this remarkable 
difference, that not only are gifts of artistic creation very rare, but 
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even the faculty of artistic enjoyment, not to speak of higher powers 
of appreciation, is not attained without variation from the common 
type I am speaking, of course, of the non-Semitic races of modem 
Europe, among whom the powei whethei of making or enjoying works 
of art is confined to an insignificant number of individuals Apprecia- 
tion can in some degree be simulated, but in our population there is 
no widespread physiological appetite foi such things When detached 
fiom the ceiitreb \\heie they aie made by others most of us pass our 
time in great contentment, making nothing that is beautiful, and quite 
unconscious of any depiivation Musical taste is the most notable 
exception, for in certain races — for exam»ple, the Welsh and some 
of the Geimaiis — it is almost universal Otherwise aitistic faculty is 
still spoiadic in its occurrence The cost of music well illustrates the 
application of genetic analysis to hum in faculty No one disputes 
that musical ability is congenital In its fuller manifestation it 
demands sense of rhythm, ear, and special nervous and muscular 
powei s Each of these is scpaiable and doubtless genetically distinct 
Each lb the consequence of a special depaituie fioni the common type 
Teaching and external influences are powerless to evoke these faculties, 
though then development may be assisted The only conceivable 
way in which the people of England, for example, could become a 
musical nation would be by the giadual use in the piopoitioiial numbeis 
of a musical stiain oi stiains until the piesent tvpe became so rare 
as to be negligible It by no means follows that in any other respect 
the resulting population would be distinguish ible from the piesent one 
Difficulties of this kind beset the effoits of anthropologists to trace 
racial origins It must continually be remembered that most characters 
are independently transmitted and capable of such recombination In 
the light of Mendehaii knowledge the discussion whether a lace is puie 
or mixed loses almost all significance A race is pure if it breeds pure 
and not otheiwise Histoiically w^e may know that a race like our 
own was, as a matter of fact, of mixed oiigin But a character may 
have been intioduced by a single individual, though subsequently it 
becomes common to the laco This is merely a variant on the familiar 
paradox that in the couise of time if registration is accurate we shall 
all ha\e the same surname In the case of music, for instance, the 
gift, originally peihaps fioni a Welsh source, might permeate the 
nation, and the question would then arise whether the nation, so 
changed, was the English nation or not 

Such a pioblem is raised in a striking foim by the population of 
modern Greece, and especially of Athens The lacial characteiistics 
of the Athenian of the fifth century b o are vividly described by 
Gallon 111 * Hei editary Genius ’ The fact that in that peiiod a 
population, numbering many thousands, should have existed, capable 
1914 D 
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of following the great plays at a first hearing, revelling iii subtleties of 
speech, and thrilling with passionate delight in beautiful things, is 
physiologically a most singular phenomenon On the basis of the 
number of illustrious men produced by that age Galton estimated the 
average intelligence as at least two of hia degrees above our own, 
differing from us as much as we do from the negro A few generations 
later the display w as ovei The origin of that constellation of human 
genius which then blazed out is as yet beyond all biological analysis, but 
I think we are not altogether without suspicion of the sequence of the 
biological events If I visit a poultry-breeder who has a fine stock of 
thoroughbred game fowls breeding true, and ten years later — that is to 
say ten fowl-generations later — I go again and find scarcely a recognis 
able game-fowl on the place, I know exactly what has happened One 
or two birds of some other or of no breed must have strayed in and 
their progeny been left undestroyed Now in Athens we have many 
indications that up to the beginning of the fifth century so long 
as the phratries and gentes were maintained in their integrity there 
was rather close endogamy, a condition giving the best chance of 
pioducing a homogeneous population There was no lack of mateiial 
from which intelligence and artistic power might be derived Sporadi 
cally these qualities existed thioughout the ancient Gieek woild fiom 
the dawn of history, and, for example, the vase-painters, the makers 
of the Tanagia figurines, and the gem cutters weie presumably pur- 
suing family crafts, much as are the actor- families^ of England or 
the piofessoiial families of Germany at the present day How the 
intellectual strains should have acquired predominance we cannot tell, 
but in an in-breedmg community homogeneity at least is not surprising 
At the end of the sixth century came the ‘ reforms ' of Oleisthenes 
(607 B c ), which sanctioned foreign marriages and admitted to citizen- 
ship a number not only of resident aliens but also of manumitted 
slaves As Aristotle says, Oleisthenes legislated with the deliberate 
purpose of breaking up the phratries and gentes, in order that the 
various sections of the population might be mixed up as much as 
possible, and the old tribal associations abolished Ihe * reform * was 
probably a recognition and extension of a process already begun, but 
IS it too much to suppose that we have here the effective beginning 
of a series of genetic changes which in a few generations so greatly 
altered the character of the people^ Under Pericles the old law was 
restored (461 b c ), but losses in the great wars led to further laxity in 
practice, and though at the end of the fifth century the strict rule 
was re-enacted that a citizen must be of citizen-birth on both sides, 
the population by that time may well have become largely mongrelised 
Let me not be construed as arguing that mixture of races is an 

• For tables of families, see the Supplement to Wko*s Who %n the Theatre* 
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evil far from it A population like our own, indeed, owes much of 
its strength to the extreme diversity of its components, for they con- 
tribute a corresponding abundance of aptitudes Everything turns on 
the nature of the ingredients brought in, and I am concerned solely 
with the observation that these genetic disturbances lead ultimately 
to great and usually unforeseen changes in the nature of the population 
Some experiments of this kind are going on at the present time, 
in the United States, for example, on a very large scale Our grand- 
children may live to see the characteristics of the Amencan population 
entirely altered by the vast invasion of Italian and other South 
European elements We may expect that the Eastern States, and 
especially New England, whose people still exhibit the fine Puritan 
qualities with their appropriate limitations, absorbing little of the 
alien elements, will before long be in feelings and aptitudes very notably 
difierentiated from the rest In Japan, also, with the abolition of the 
feudal system and the rise of commercialism, a change in population 
has begun which may be worthy of the attention of naturalists in that 
country Till the i evolution the Samurai almost always married within 
their own class, with the result, as I am informed, that the caste had 
fairly recognisable features The changes of 1868 and the consequent 
impoverishment of the Samurai have brought about a beginning of 
disintegration which may not impiohably ha\e peiceptible effects 

How many genetic vicissitudes has our own peerage undergone ^ 
Into the haid-fightmg stock of mediaeval and Plantagenet times ha\e 
successively been ciossed the cunning shrewdness of Tudor states 
men and courtieis, the numerous contributions of Charles II and 
his concubines, reinforcing ipeculiar and persistent attnbutes which 
popular imagination especially regaids as the characteristic of peers, 
ultimately the heroes of finance and industrialism Definitely intellec- 
tual elements have been sporadically added, with rare exceptions, 
however, from the ranks of lawyers and politicians To this 
aristocracy art, learning, and science have contributed sparse in 
gredients, but these mostly chosen for celibacy or childlessness A 
remarkable body of men, nevertheless, with an aveiage ‘ horse-power,* 
as Samuel Butler would have said, far exceeding that of any random 
sample of the middle-class If only man could be reproduced b> 
budding what a simplification it would be I In vegetative reproduction 
heredity is usually complete The Washington plum can be divided 
to produce as many identical individuals as are required If, say, 
Washington, the statesman, or preferably King Solomon, could 
similarly have been propagated, all the nations of the earth could 
have been supplied with ideal lulers 

Historians commonly ascnbe such changes as occurred in Athens, 
and will almost certainly come to pass in the Umted States, to 
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conditions of life and especially to political institutions These agencies, 
however, do little unless they are such as to change the breed 
External changes may indeed give an opportunity to special strains, 
which then acquire ascendency The industrial developments which 
began at the end of the eighteenth century, for instance, gave a chance 
to strains till then submerged, and their success involved the decay 
of most of the old aristocratic families But the demagogue who 
would argue from the rise of the one and the fall of the othei that 
the original relative positions were not justifiable altogether mistakes the 
facts 

Conditions give opportunities but cause no variations For example, 
in Athens, to which I just referred, the universality of cultivated dis- 
cernment could never have come to pass but for the institution of 
slavery which provided the opportunity, but slavery was in no sense a 
cause of that development, for many other populations have lived on 
slaves and remained altogether inconspicuous 

The long-standing controversy as to the relative impoitance of nature 
and nurture, to use Galton’s ‘ convenient Jingle of words,* is drawing 
to an end, and of the overwhelmingly greater significance of nature 
there is no longer any possibility of doubt It may be well briefly to 
recapitulate the arguments on which naturalists lely in coming to 
this decision both as regards races and individuals Fust as regards 
human individuals, there is the common experience that children 
of the same parents reared under conditions sensibly identical may 
develop quite differently, exhibiting in character and aptitudes a 
segregation just as great as in their colours or hair-forms Conversely 
all the more marked aptitudes have at various times appeared and not 
rarely reached perfection in circumstances the least favourable for 
their development Next, appeal can be made to the universal experi 
ence of the breeder, whether of animals or plants, that strain is 
absolutely essential, that though bad conditions may easily enough 
spoil a good strain, yet that under the best conditions a bad strain 
will never give a fine result It is faith, not evidence, which encourages 
educationists and economists to hope so greatly in the ameliorating 
effects of the conditions of life Let us consider what they can do 
and what they cannot By reference to some sentences in a charming 
though pathetic book, * What Is, and What Might Be, * by Mr Edmond 
Holmes, which will be well known in the Educational Section, I may 
make the point of view of us naturalists clear I take Mr Holmes’s 
pronouncement partly because he is an enthusiastic believer in the 
efficacy of nurture as opposed to nature, and also because he illus- 
trates his views by frequent appeals to biological analogies which help 
us to a common ground Wheat badly cultivated will give a bad yield, 
though, as Mr Holmes truly says, wheat of the same strain in similar 
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soil well cultivated may give a good harvest But, having witnessed 
the success of a great natural teacher in helping unpromising peasant 
children to develop their natural powers, he gives us another botanical 
parallel Assuming that the wild bullace is the origin of domesticated 
plums, he tells us that by cultivation the bullace can no doubt be 
improved so far as to become a better bullace, but by no means can 
the bullace be made to bear plums All this is sound biology, but 
translating these facts into the human analogy, he declares that the 
work of the successful teachei shows that with man the facts are other- 
wise, and that the average rustic child, whose normal ideal is * bullace 
hood,* can become the rare exception, developing to a stage corre 
spending with that of the plum But the naturalist knows exactly 
where the paralleL is at fault For the wheat and the bullace are 
both breeding approximately true, whereas the human crop, like jute 
and various cottons, is in a state of polymorphic mixture The popula- 
tion of many English villages may be compared with the crop which 
would result from sowing a bushel of kernels gathered mostly from the 
hedges, with an occasional few from an orchard If anyone asks 
how it happens that there are any plum kernels in the sample at all, 
he may find the answer perhaps in spontaneous vanation, but more 
probablv m the appearance of a long-hidden recessive For the want 
of that genetic variation, consisting piobably, as I have argued, in 
loss of inhibiting factois, by which the plum aiose fiom the wild foim, 
neither food, nor education, nor hygiene can m any way atone Many 
wild plants aie half starved through competition, and transferred to 
garden soil they grow much bigger , so good conditions might certainly 
enable the bullace population to develop beyond the stunted physical and 
mental stature they commonly attain, but plums they can never be 
Modem statesmanship aims rightly at helping those who have got sown 
as wildings to come into then piopei class, but let not anyone suppose 
such a policy demociatic in its ultimate effects, foi no couise of 
action can be nioie effective in stiengthemng the upper classes whilst 
weakening the lower 

In all practical schemes for social leform the congenital diversity, 
the essential polymorplnsm of all civilised communities must be recog- 
nised as a fundament il fact, rnd reformers should rather direct their 
efforts to facilitating and rectifying class-distinctions than to any futile 
attempt to abolish them The teaching of biology is perfectly clear 
We are what we are by virtue of our differentiation The value of 
civilisation has in all ages been doubted Since, however, the first 
variations were not strangled in their birth, we are launched on that 
course of variability of which civilisation is the consequence We can- 
not go back to homogeneity again, and differentiated we aie likely 
to continue For a period measures designed to cieate a spuiious 
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homogeneity may be applied. Such attempts will, I anticipate, be made 
when the present unstable social state reaches a climax of instability, 
which may not be long hence. Their effects can be but evanescent. 
The instability is due not to inequality, which is inherent and congenital, 
but rather to the fact that in periods of rapid change like the present, 
convection-currents are set up such that the elements of the strata 
get intermixed and the apparent stratification corresponds only roughly 
with the genetic. In a few generations under uniform conditions these 
elements settle in their true levels once more. 

In such equilibrium is content most surely to be expected. To the 
naturalist the broad lines of solution of the problems of social dis- 
content are evident. They lie neither in vain dreams of a mystical and 
disintegrating equality, nor in the promotion of that malignant indi- 
vidualism which in older civilisations has threatened mortification of 
the humbler organs, but rather in a physiological co-ordination of the 
constituent parts of the social organism. The rewards of commerce 
are grossly out of proportion to those attainable by intellect or industry. 
Even regarded as compensation for a dull life, they far exceed the 
value of the services rendered to the community. Such disparity is an 
incident of the abnormally rapid growth of population and is quite 
indefensible as a permanent social condition. Nevertheless capital, 
distinguished as a provision for offspring, is a eugenic institution ; and 
unless human instinct undergoes some profound and improbable 
variation, abolition of capital means the abolition of effort; but as in 
the body the power of independent growth of the paits is limited and 
subordinated to the whole, similarly in the community we may limit the 
powers of capital, preserving so much inequality of privilege as 
corresponds with physiological fact. 

At every turn the student of political science is confronted with 
problems that demand biological kno^' ledge for their solution. Most 
obviously is this true in regard to education, the criminal law, and 
all those numerous branches of policy and administration which are 
directly concerned with the physiological capacities of mankind. 
Assumptions as to what can be done and what cannot be done to 
modify individuals and races have continually to be made, and the 
basis of fact on which such decisions are founded can be drawn only 
from biological study. 

A knowledge of the facts of nature is not yet deemed an essential 
part of the mental equipment of politicians; but as the priest, who 
began in other ages as medicine-man, has been obliged to abandon 
the medical parts of his practice, so will the future behold the school- 
master, the magistrate, the lawyer, and ultimately the statesman, 
compelled to share with the naturalist those functions which are 
concerned with the physiology of race. 
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I — Uoneml hote^ 

The Committee isks to be reappointed with a giant of 60Z 

The death of John Milne, in July 101 :J, creates a situation of 
some difficulty and anxiety He organised a world-wide seismological 
seivice with very little financial help fiom others In many of the 
outlying stations the instrumental equipment was piovided either by 
himself or by one of liis friends, and the caie of it has been genei 
ously undei taken by a volunteei who is often busily engaged m othei 
work The collation of results was in the early years undertaken by 
Milne himself, witli the able help of Bhinobu Hiiota Of hte jeiis 
a subsidy of 200Z a yeai from the Go\einment Giant Fund allowed 
of paid assistants, and Rhinobu ITiiota thus obtained a well-deseived 
official position, but foi many yeais the only siluv he receded w is 
paid from Milne’s own pocket It is b\ no means ceitain that the 
volunteer services at the stations, and the subsidy fiom the Govern- 
ment Grant Fund which makes it possible to keep running the 
central station at Shide, can be long continued, and it seems in 
any case very improbable that they can be rendeied peimanent 
But a much more serious difficulty is the want of a salaiy for a 
Director or Superintendent of the whole British netwoik of stations, 
who can give undivided attention to the valuable results which they 
have accumulated and to which they are daily adding The salaiy of 
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a competent Director, with the requisite mathematical knowledge, 
cannot be put lower than hOOl or 600Z a year, and there is at 
present no prospect of obtaining even this endowment The super- 
intendence has, of course, been hitherto provided voluntarily by Milne 
himself, and a ceitain amount of volunteer attention is available for 
the present But seismology is developing so lapidly that the whole 
hearted attention of at least one English mathematician should be 
devoted to it, and if an endowment for a British Director could be 
obtained this would surely be the most direct method of doing 
justice to a new and fascinating science which was nurtured by an 
Englishman The negative result of previous appeals to the Govern- 
ment does not encourage the hope of their taking any action, and 
the chief hope thus lies m the direction of private benefaction 
Is it too much to hope that some generous benefactor will provide a 
firm footing for seismology ^ 

The present state of affairs is as follows — The Shide Observatory 
IS rented fiom Mrs Milne at 201 a year The work of dbhe Shide 
station and the collation of lesults fiom other stations is being 
done by Mr J H Burgess, who assisted Professor Milne in the later 
years of his life, especially after the return of Shinobu Hirota to 
Japan At the time of Professor Milne’s death the work of collation 
was m arrear, and in order to bring it up to date assistance is 
being tempoiarily rendered by Mr S W Pring (who had already 
considerable knowledge of the work) and his daughter The general 
superintendence is undertaken by the Chairman of this Committee, 
paitly by correspondence and piitly by personal visits to Rhide (on 
Reptembei 20-21, January 17-20 March 29-April 2, and May 0 11) 

Regislers Card CalaJoque System Moyiflily BuUelin ^ — The 
foim of the Circulars has been changed Up to the present the in- 
formation supplied by each individual station has been printed separ- 
ately, thus leaving the formal collation of results to others But 
since a good deal of collation was actually done at Shide in oidu 
to eliminate accidental tremors fiom the records, it seemed desirable 
to render this work generilly available at the cost of a sliglit 
extension The collation was formerly done in a large book with 
ruled columns, one double page being devoted to each month In 
place of this a card catalogue system has been adopted The 
information supplied by the stations is copied on to cards, a separate 
card for each day A cabinet of twelve drawers (one for each calendar 
month) has been made, each drawer divided into 32 partitions (4 x 8) 
corresponding to the days of the month (with 1 — 4 over), and the 
cards are slipped into the proper partition as they are copied off 
When all the records have been received for the month (and the 
stations have been asked kindly to send their records each month) it 
is easily seen by comparison of the different cards m any partition 
which are the important quakes and which are microseisms or 
accidental tremors For the first few months of 1913 details were 
printed for all disturbances recorded at more than four stations, but 
experience quickly showed that much of this information was of 
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comparatively little value, the lecoids for small quakes being liable 
to errors of various kinds, and from April 1913 onwards a chart 
has been printed showing merely that such and such a quake has 
been observed at a particular station without further details, except 
m the case of a really laige earthquake It is, of course, difficult to 
draw a satisfactory line between large earthquakes and small, but a 
practical proceduie was based on the following figuies given m the 
April Bulletin — 



Numbei ot fetations lecoiding an 

Eaithquakc 

Month 

5 to 10 

11 to 20 

21 to 30 

31 to 40 

41 to 50 

Ovei 50 

January 

3 

5 

3 

2 

4 

2 

February 

5 

5 

5 

1 

0 

1 

March 

G 

9 

7 

3 

2 

3 

April 

9 

13 

6 

10 

4 

3 

Total 

23 i 

32 

21 

16 

10 

9 


According to this table, if attention is confined to those earthquakes 
recorded at thiity-one stations at Icist, we should get a hundred of 
them in a year, and it was thought sufficient to give full details for 
these It should be remarked that the stations are no longer Milne 
stations only — the list has been extended to include all those stations 
which send their records to Shide, and it is hoped that this compre- 
hensive collation of results will be found useful Undoubtedly a 
compaiibori with tabulai theoieticil lesults would increase its useful 
ness, and it is hoped to undeitake such a comparison from January 
1914, but to attempt this for 1913 would have seriously delayed 
publication (already coiibidei ably in aiieai), and indeed was scarcely 
pobbible until a tentative discussion such as is given latei in the present 
Kepoit had been carried out 

Notation — One othei change will be made in Januaiy 1914 The 
symbols P^, P^, Pg, &c , were mtioduced by Milne, and have been 
used by him throughout hib woik, although he assented to the change 
to P, S, L, &c , as determined at the Manchester Meeting, 1911, of 
the International Seismological Association It seemed only a proper 
mark of lespect to complete the year of Milne’s death (1913) in his 
notation, but the change to the adopted system will be made from the 
beginning of 1914 

Visitors — The station at Shide continues to attract a number of 
visitors, many of them with only a limited knowledge of seismology, 
their visits natiually make inroads on the time of the assistant m- 
charge, but it seems undesirable to discourage them at the present 
juncture The visits of seismologists have naturally been affected by 
Milne’s death, and in the consequent disoiganisation the visitois’ liook 
was for a tune not legulaily posted, but we have had the pleasure 
of seeing at Shide Mr J J Shaw of West Biomwicli, Mr E E 
Noiiib of Guildfoid, Ml J Bound and Mi S B Bound of 
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Birmingham, Mr L P Eichardson of Eskdalemuir, and Mr J E 
Orombie of Aberdeen 

II — Seismtc Activity m 1911 

Tlie visit of the British Association to Australia makes it necessaiy 
to have the gi eater pait of this Eeport m proof at an eailier date than 
usual The list of origins for 1911, in continuation of those given in 
pievioub Eeportb, is not completed at this date, but it is hoped to add 
it at the end of the Eepoit before it is finally printed off for 
distribution 


III — Distribution of Earthquake Centres 

Study of the information collected by Milne in previous Eepoits has 
suggested a new form of the map which he has usually printed 
showing the distribution of laige earthquakes On some of these 
maps he has shown Libbey’s Circle, and on others a cycle of his 
own running through the chief eaithquake centres 

On scrutiny of the distiibution of centies not thus accounted foi, 
the existence of a curve of secondary disturbance was suggested, 
with the suggestive feature of enclosing most of the land on the earth’s 
surface — skirting especially the Western coast of North America and 
the Eastern coast of Asia Adjustments by trial and error of these 
two curves showed that it was not difficult to make them great circles 
cutting at right angles, but not easy to make them account for all 
the stiikmg facts Moie or less by accident, the third great circle 
cutting both at light angles was drawn, and immediately several 
stnking geographical features fell into line Fuither work on this 
system of three great ciicles suggested after many trials a system 
symmetrical with respect to the earth’s axis, the points of intersection 
being at about 55° (accurately tan y/2) from the poles, and there 
was little trouble m fixing the approximate longitudes at 25^ ± 60^ n 
East 

A system of three great ciicles cutting at right angles divides the 
suiface of the sphere into eight equilateral right angled triangles If 
we project each of these on a tangent plane at its centie, we get 
an octahedron surrounding the spheie, and we can unwrap it into a 
plane in various ways The paiticular plan of the accompanying map 
is adopted m order to bring out the striking symmetry, both seismo- 
logical and geographical, of the earth as thus represented, a symmetry 
only slightly disguised by the one sidedness of the water covering 
[We can imagine the distribution made quite symmetrical, and then 
the upper nght-hand corner dipped slightly more under the water , but 
we will neglect this point for a moment ] 

Six of the tnangles are easily recognised, the other two have 
been divided by their median lines in order to show the symmetry 
while keeping the figure compact , but ABO and CBD could be detached 
fiom AO and OD, and joined along OB placed m a vertical position, 
thus keeping the symmetry at the expense of a little detachment 
Let us consider the triangle EFK, which is chiefly Asia India lies 
nearly on the median line, pointing to the apex of the tiiangle, and just 
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above India Tibet, the highest land in the world, occupies nearly the 
centre of the triangle The side KE runs through a well-known 
series of earthquake centres skirting the coast, of which perhaps the 
most important are at E (Japan) and S (Borneo), one at the extremity 
and the other near the middle point The continuation of KE is EO, 
since the angles PEK and PEO, though they are only 60^ on the 
plane projections, are 90^ on the sphere, and since there is a notable 
centre U (Alaska) near the middle of EO, we may perhaps consider 
S and U as corresponding points of strain 

The side KP is not so conspicuous a line of earthquakes at present, 
though the point P (Crete) is a familiar region, and corresponding 
to S we may take E, the middle point of PK, as representing earth- 
quakes in the Indian Ocean But apart from modern records, the 
geographical features of this line EP, viz , the Eed Sea, the Grecian 
Archipelago, and the Adriatic, aie strongly suggestive of ciumpling 
into folds at some time in the past Continuing the line along PC, 
there is an active centre near the middle point T which is not fai 
from Iceland, so that S, E, V have corresponding points in E, P, T, 
the former are at present the stronger , but this may not have been 
always so 

The apex C is not an earthquake centre, but near it, and sym- 
metrically disposed on the sides CD, CA, are the Californian and 
West Indian regions The symmetry of the whole arrangement round 
the point V (close to Tomsk) will be complete if we may put two 
Antarctic centres at the points P and Q which are in latitude - 53*^ and 
longitudes 56^ and 115^ East Milne assigned two Antaictic regions 
near these as a result of observations made during the voyage of the 
‘ Discovery ' (March 14, 1902, to November 28, 1903), but it is doubt- 
ful whether the material is sufficient to locate them exactly 

As regards the remainder of the map, the symmetrical disposition 
of South Africa and Australia is noteworthy , but as we go northwards 
from them the symmetry disappears, the upper half of the African 
triangle being land, that of the Australian water (though much of it 
not very deep) Superposed on the arrangement symmetrical about 
the line CK there is at least one unsymmetncal character which may 
be roughly described as a division into land and water hemispheres, 
and as such has been often noted In the present diagiam the salient 
points of this contrast are — 

(a) Land in the triangle PGK, water in the triangle CDE 

(b) Water in the middle of land in the triangle AGP, land in the 
middle of water in EKL 

(c) The absence of land corresponding to South America, on the 
line CD If a bathy orographical map be consulted it will, howevei, 
be found that there is a shallow in this part of the ocean, not very 
different fiom South America m shape It is conceivable that a mere 
shift of the earth’s centre of gravity might uncover this * image ’ of 
South America 

In a future Eeport it is hoped to show the actual distiibution of 
observed earthquakes on this map , but this will take some little time 
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IV — Discussion of Results from Different Seismographs 

The card catalogue system introduced at Shide for records from 
January 1913 onwards facilitates the comparison of results fiom 
different instruments The following discussion is only preliminary, and 
the unit of time adopted (01m or 6 sec ) is not small enough to 
do justice to the best instruments But it is as small as can reasonably 
be adopted for the Milne instruments, and the main object of the 
discussion IS to bring out the comparative attainments of the Milne 
seismographs as compaied with modem and much more sensitive 
apparatus 

Prom the beginning of 1912, the weekly Bulletins issued from 
Pulkovo give epicentres for the large earthquakes, determined by 
Galitzin*s method for a single station Adopting these as coirecb 
and using the table printed by G W Walker on p 54 of his mono- 
graph on ‘Modern Seismology,* or by Galitzin in his ‘ Vorlesungen 
uber Seismometrie, ’ p 137, we can deduce from the times recorded at 
Pulkovo for either P or S, the time of the earthquake itself Ee 
applying the table we can deduce the theoretical times of arrival of 
P and S at other stations, for comparison with their records For 
this purpose the distances of the stations fiom the epicentre were lead 
to whole degrees from a globe, which again is a method unsuitable to 
refined investigation, but sufficiently iccurate foi the piesent pre 
liminary examination 

As an example, the times lecoided for the earthquake of 1913, 
Tanuaiy 11, were as follows — 

P 

h m s 

13 29 45 

Subtract 12 36 


S 

h m s 
13 40 9 

22 54 


Time at epicentre 13 17 9 13 17 15 

The distance of Ploience from the adopted epicentie (6® N , 1170 E ) 
was read off as 98®, and the calculated and obseived tunes weie 


I 



tor P 



For fe 

c 

0 [ 

0 

1 

o 

C 

0 

h m 

h m 1 

m 

1 h m 

h m 

13 31 1 

1 

13 30 2 1 

-0 9 

j 13 42 7 

13 35 


These differences O — 0 weie collected and discussed for the following 
five earthquakes — 


Date 

Adopted Epicentie 

A for 
Pulkovo 

Adopted 

Time 


o o 


h 

m 

W13, January 11 

60N, 1170E 

83 

13 

17 2 

1913, March 23 

263N, 1433E 

78 

20 

47 2 

1913, April 30 

50 2N, 176 3E 

67 

13 

34 4 

1913, May 18 

26 3 N , 143 7 E 

79 

2 

97 

1913, June 22 

50 1 N , 178 1 E 

66 

13 

50 3 
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Table I 


134 Errors of P for Seismographs other than Milners 




Distance from Epicentre 


Summaiy 

0° - 

40° - 80 

o __ 90° — 100° 

- 130 

° (Corrected) 

Large Errors ^ 

1 


1 

1 1 

__ 1 

m 

+ 10 3 

m 

+ 10 0 




! 

1 

~i 

+ 101 
+ 92 

+ 10 4 

— 

— 

m m 


' 1 





+ 5 5 to 5 1 

— 


— 

— 

1 

— 

5 0 to 4 6 ' 

— 

— 

— 

2 

1 

— 

4 5 to 4 1 , 

— 

— 

— 

7 

— 

— 

4 0 to 3 6 

— 

— 

2 

14 

— 

— 

, 3 5 to 3 1 

— 

— 


4 

2 

— 

3 0 to 2 1> 

— 

— 


1 

— 

— 

2 5 to 2 1 

— 

— 

— 

1 

— 



2 0 to 1 6 

1 

— 

— 

2 

— 


+1 6 to 1 1 

1 

— 

— 

— 

1 


+ 10 

— 

— - _ 

_ _ — 



_ 

09 

— 

1 1 

— 

— 


2 

08 

1 

1 

— 

— 


2 

07 

1 

1 

1 



3 

00 

— 

1 

— 

1 


3 

05 

1 

— 

— 

— 


1 

' 04 

2 

2 1 

1 

1 


4 

, 03 

— 

3 

— 

1 


0 

02 1 

1 

2 

— 

1 — 


8 

+0 1 

2 

b 

3 

, 1 


11 

00 

— 

4 

2 

, 1 


14 

-0 1 

— 

4 

4 

1 3 

§ 

9 

02 

— 

3 

5 

2 

o 

5 

03 

2 

2 

2 

4 

A 

4 

04 

1 

1 

— 

— 


4 

05 

— 

1 

1 

— 


3 

00 

1 

1 

— 

2 


3 

07 1 

— 

— 

— 

— 


1 

08 ' 

— 

— 1 

— 

, 1 


0 

09 

— 

1 

— 

, 2 


2 

1 -10 1 

— 

' — 1 

— 



1 

1 -11 

— 

— 

1 

— 


0 

i -12 


1 

1 


1 

1 


1 








Laige Eirors 



- 3 3 

-2 3 

1 

— 




- 42 
-14 2 
-24 8 

-3 3 
-5 0 

1 1“ 

1 

— 

1 — 
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In Table I the differences are grouped under distances from epi 
centre, all instruments other than Milne being grouped together 

Errors greater than 6 m — The five large positive lesiduals aie as 
follows — 


Observatory 

Instiu 

ment 

Date 

Eirors 

P S 

Dist fiom 
Epicentre 

Triest 

W 

1913, Jan 11 

m 

+ 10 6 

m 
+ 7 4 

o 

95 

Triest 

W 

1 1913, May 18 

+ 10 4 


1 96 

Triest 

w 

' 1913, Juno 22 

+ 10 3 

— 

1 83 

Czernowitz 

Ma 

1 1913, May 23 

+ 101 

+9 5 

89 

Pompeu 

0 A 

1913, June 22 

1 + 92 

— 

I 88 


The dilfeience between the times of ariival of P and S bting near 
10 m it IS possible that some of these are mistakes of P for S But 
m the case of 0-2ernowitz, a mistake of 10 m in both P and S seems 
probable It is safei to omit these cases as anomalies than to attempt 
to coirect them 

Errors <6 m and >1 m — With the exception of a couple near 
the epicentre these do not develop until neai 90^ Between 90*^ and 
100^, howevei, they outnumber the normal errors given in the body of 
the table They aie doubtless due to the fact that a reflected wave 
has been mistaken for the direct wave The fact that the first reflected 
effect PR IS often more pronounced than P in the case of distant earth- 
quakes IS duly noted m Walker’s monograph (p 41), it may not, how- 
ever, be realised that it is so often mistaken for P in the published 
records of sensitive instruments Beyond 100^ from the epicentre 
no times for P were conectly given at all for the five earthquakes 
here examined It is not intended to ignore the fact that these differ- 
ences will change with distance from epicentre, but for the present 
rough review we will neglect this change The median is 3 75 m 
or 3 m 45 s The mean of the differences from this is -t 0 53 rn But 
it does not seem clear that some of the differences which may be faulty 
P readings should be included If these axe excluded the median is 
3 8 in , the mean is 3 87 m , and the mean of the diffeiences from 
the mean is i 0 35 m 

Normal Errors — Coming now to the main part of Table I , if we 
take the errors as they stand (assuming the time-table for P coi’iect 
throughout) the mean of the 87 differences is - 0 07 m or -4s 
But there is a systematic run about the differences as may be seen 
fiom the following means for the separate columns — 

0° — 40® — 80® — 90® — 100® 

m m ra m 

+013 -.0 01 -oil -0 27 

The process adopted in the previous woik does not justify any 
great refinement of correction, but we may fairly correct the different 
columns by the quantities 

0® — 40® -- 80® — 00® - 100® 

m m m m 

-01 0 0 +01 +0 3 
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and then the errors are distributed as in the last column The mean 
IS now + 0 014 m or + 0 8 s and the mean of the errors is ± 0 31 m , 
very close to the mean of the errors 0 35 m obtained above for the 
reflected wave A considerable part of this mean error may be due 
to the errors of reading distances from the epicentre, and to the error 
of assumed position of the epicentre itself 

Large Negative Readings — The eight negative readings are prob- 
ably due to accidental air tremors just preceding the quake, these 
call for no special remark here except that they seem to be pretty 
clearly separated off from the normal readings , even making a generous 
allowance for accidental error in the latter It will be seen that the 
numerically smallest (-23m) is a full minute away from the out- 
side error (-12m) included among possible normal readings The 
details may be given here in case the observatories care to examine 
the records — 


Observatory 

Instru 

ment 

Date 

Errors 

P S 

Dist from 
Epicentre 

Lemberg 

BO 

Jan 11, 1913 

m m 
- 33 — 

e 

88 

Lemberg 

BO 

Mar 23, 1913 

- 50 — 

87 

Lemberg 

BO 

April 30, 1913 

-14 2 — 

79 

Lemberg 

BO 

June 22, 1913 

-42-39 

78 

Aachen 

W 

Apnl 30, 1913 

-24 8 — 

80 

Pans 

1 

Mar 23, 1913 

-34-0 7 

98 

Ksara 

— 

Mar 23, 1913 

- 23 — 

90 

Batavia 

W 

Mar 23, 1913 

- 33 — 

47 


Coming now to S, two large positive eriors have already been 
mentioned as associated with large positive errors in P, viz , -1-9 5 m 
at Czernowitz on 1913, March 23, and +7 4 m at Triest on 1913, 
January 11, as also one considerable negative error of - 3 9 m at 
Lemberg on June 22, 1913 These are omitted from further notice 
Two large negative errors are 


Obseivatoiy 

Machine 

Date 

P 

S 

A 

Tiflis 

G 

1913, Jan 11 

+0 2 

-8 1 

73® 

Florence 

A 

1913, Jan 11 

-0 9 

-7 7 

98® 


The former is due to some unknown mistake, the latter is probably 
a mistake of S for PEi These are also omitted from further notice 
Two positive errors of smaller amount as follows — 


Observatory 

Date 

P 

S 

A 

River\ lew 

1913, June 22 

-0 3 

+4 6 

94® 

Heidelberg 

1913, June 22 

+01 

+4 7 

80® 


aie omitted as quite anomalous The remaining eriors aie grouped 
in Table II 


1914 


L 
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Table II 


Errors of S for Seismographs other than Milners 
(Unit 01m or 6 B ) 



Ihstanoe from Epicentre 

Eiiorb 

0® 

40® 

80® 

130® 

+2 1 to +2 6 

■ . 



1 

- . 

-j-l 6 to ■{'2 0 

1 



3 

— 

-fl 1 to +16 

2 

3 

1 

— 

+0 6 to +1 0 

1 

3 

1 

— 

+0 1 to +0 6 

1 

4 

3 

— 

-0 4 to 0 0 

2 

10 

9 

— 

-0 9 to -0 6 

1 

4 

12 



-1 4 to -1 0 



3 

12 



. -1 9 to -1 5 



2 

7 



-2 4 to -2 0 



1 




- 2 9 to -2 6 

— 

— 


— 

Mean 

+0 6 

-0 2 

-0 6 

— 


It would hereby appear that while the tables for P are fairly 
accuiate, those for S are sensibly in eiior The amount of eiror 
cannot be assigned more than very roughly by the present method, 
because the erior for Pulkovo comes differently into the various earth- 
quakes But it would appear that the times of arrival of S at 20® 
distance and at 100® distance from the epicentie are relatively eiio- 
iieous by something like a whole minute The erroi is apparently 
not complicated in the case of S by any reflection phenomenon, the 
lebiduals for P are definitely giouped about two separate maxima, 
but for S this is not so The first jgroup (0® — 40®) is too small to 
show a decided maximum , but the position of the maximum is cleanly 
marked in the other two by the numbers given in the table As a 
lough expedient the following corrections have been applied — 

Distanco from Epicentre 

16* 25® 36® 46® 66® 66® 76® 86® 96® 106® 

Correction —0 3 —O 2 —0 1 0 0 -f 0 1 -fO 2 -fO 3 -fO 1 +0 5 +0 6 

the coriection for 15® being applied to distances between 10® and 
20®, and so on The correct^ errors are then distributed as follows — 


Distance from Epicentre 

0“ — 40° - 80° — 130° All 

+2 8 to +3 2 




1 

1 

+2 3 to +2 7 

— 

— 

3 

3 

+ 1 8 to +22 

— 

— 

— 

0 

+ 1 3 to +1 7 

1 

1 

2 

4 

+0 8 to +12 

2 

6 

— 

8 

+0 3 to +0 7 

2 

4 

6 

12 

—0 2 to +0 2 

— 

11 

13 

24 

—0 7 to -0 3 

2 

2 

12 

16 

-1 2 to -0 8 

1 

4 

10 

16 

-1 7 to -1 3 

— 

2 

1 

3 

-2 2 to -1 8 

— 

1 

— 

1 

Totals 

1 

8 

31 

48 

87 
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The mean of the errors is ± 0 73 m , and though there is a slight 
tendency to increase from the second group to the third, the material 
IS fairly homogeneous Now, comparing this with the mean for P, 
VIZ d: 0 31 m , it is clear that we are dealing with a much less 
definitely marked phenomenon, as is indeed well known Part of 
each of these mean errors is due to errors of reading, &c , and this 
part should be approximately the same in both If we were to calcu- 
late and remove it, the ratio between the two, already greater than 
2 to 1, would be sensibly increased 

In determining A from P and S, the superior accuracy of P is there- 
fore rendered more or less useless by the unceHainty of S Galitzin’s 
azimuthal method of determining the epicentre has thus obvious 
advantages, if the epicentre is well determined from the azimuths 
at several stations, and if the time of the catastrophe is determined 
from the Ps at these stations, we should appear to have the material 
in the best shape for improving the tables of P and S, especially the 
latter 

But this IS a digression from the present investigation, which is 
primarily concerned with the performance of the Milne instiiiments 

Putting aside for the present any question of correcting the tables 
for S, and tnerefore the position of the epicentre (as determined from 
Pulkovo), and consequent correction of the calculated times, it is clear 
that we can compare the performance of the Milne pendulums with 
other instruments on a common basis (though not the ultimate basis) 
by collecting their records for the same earthquakes in the same way 
This IS done m the following Table III , which corresponds to 
Table I 

It will be seen — 

(a) That there are 5 large positive eirors and 8 large negatne 
eirors, for which no special explanation can be given In Table I 
there are 8 negative errors, no positive 

(b) That in 6 + 5 + 10 + 5 = 26 cases, S has presumably been lead 
in place of P With other instruments there were only 5 such cases 

(c) That in at least 17 cases a reading has been made which can 
be attributed to a reflected wave There are, moreover, 9 readings 
intermediate between these and the noimal readings, which are extreme 
cases of one or the other The line of demai cation is not so sharp as 
before Similarly there are 5 doubtful negative readings 

(d) In the middle part of the table have been collected within the 
same limits as before what may be fairly regarded as normal readings 

They number 25 in all They do not of themselves suggest 
any corrections to the table for P, but we might use the same correc 
tions as before It is simpler, however, to restrict attention to the 
second and largest group, the mean of the errors for which is d: 0 4 m 
If, however, we include m this the ‘ doubtful * +18m, +14 m, 
+ 1 2 m , and — 10 m, — 12 m, the mean of the errors rises to 
± 0 6 m For other instruments this mean was i: 0 31 m 

The most significant fact is perhaps that of the whole 95 
readings only 25 at a severe scrutiny, and at most (t e , including 

E 2 
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Table III 

95 Errors of P for Mi^ne Seismographs in 1913 


Distance from Epicentre 

Error 0° — 40® — 80® — 90® — 100® — 130® 


Larsre 



+ 18 7 

+39 4 

+40 7 


— 

Positive 

*— 

+ 153 


+25 0 


— 

Transferred 

_ 

(6) 

(6) 

(10) 

(5) 

- 

toS 





PRi 

— 

+4 3 


(9) 

(6) 





+3 3 





Doubtful 


+2 9 


+2 8 

+2 0 



— 

+2 7 

— 

+2 0 

— 

— 


— 

+ 18 

— 

+ 14 

— 

— 


— 

+ 14 

— 



— 

— 



+12 

— 

— 

— 


m 


1 





+0 9 

— 

1 

— 



1 


+0 8 

— 

1 






— 

+0 7 

— 



1 







+0 6 

— 


1 



1 

— 

+0 5 

1 

1 









+0 4 


1 1 

' 





— 

+0 3 

1 

3 

1 






+0 2 

— 

2 

1 



1 



+01 

— 

2 

— 




— 1 

00 
-01 
-0 2 
-0 3 
-0 4 
-0 6 

— 

1 


. — 


— 1 

2 

1 

1 

1 

1 

1 

— 

1 

-0 6 
-0 7 
-0 8 
-0 9 

— 

1 

1 

1 

1 

— 

— - 

Doubtful 

-12 

-10 
-1 2 

! 1 

-1 9 

-10 

— 

Large 


1 " 

- 34 

1 

-6 4 

-12 4 


Nogati'ie 

— 

- 68 

j 



-17 6 

— 


— 

-10 1 





-26 4 

— 


“ 

-36 3 

— 

— 

— 

! 
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all those marked doubtful) only 39, can be regarded as true readings 
of P, say 40 per cent at most With the other machines there are 
87 out of 134, or 65 per cent 

Coming now to S, and correcting the results (which include those 
transferred from P) as for other instruments, we find 12 large errors, 
the others are distributed as below — 


Table IV 

38 Errors for 8 %n Milne Seismographs in 1913 


0 ** 


m ml 

+3 3 to +3 7 ! 

-f-2 8 to -|"3 2 I 
+2 3 to +2 7 
+ 1 8 to +2 2 
+1 3 to +1 7 
+0 8 to +12 I 
+0 3 to +0 7 
— 0 2 to +0 2 ' 

-0 7 to -0 3 
-12 to -0 8 
I -1 7 to -1 3 I 
I -2 2 to -18 
-2 7 to -2 3 


Distance from Epicentre 
— 40° — 80° — 130* All 


2 



1 


1 

1 

2 

3 

2 

2 

1 


1 

3 

1 

1 

2 

2 

3 

6 

2 

2 

1 


2 

3 

2 

1 

3 
6 
6 
7 
2 

4 
I 
1 


The mean of the errois is ± 1 1 m , for other instruments it was 
± 0 73 m The ratio of these is about the same as in the case of P 
But it will be seen that there are acceptable readings of S in 38 cases, 
whereas for the same earthquakes there are only 39 of P at most 
it IS usually considered that the Milne instruments show P but not S 
The evidence here tabulated points to the conclusion that S is shown 
at least as well as P It is tiue that the five earthquakes consideied 
are laige ones, but it might reasonably be argued that P should 
theiefore have the better chance of asserting itself It seems probable 
that in some cases P could be recovered from the records when it was 
leahsed that the reading foimerly given was that of S The important 
point is that without any great difficulty it can be settled when 
we have an S reading, for the cases of doubt are few We may now 
give the 12 large errors excluded as mistakes , they are + 35 2 m 
+ 11 9m, +10 3m, +91m, +87m, +86m, the smallest of 
which exceeds the maximum error ( + 3 5 m ) accepted as S by over 5 m , 
and on the negative side we have —4 4m, -44m, -51m, —8 0m, 
+ 11 8 m , and -14 2m Here the separation is not so marked , but 
there is a full 2 m interval Some or all of these negative errors may 
be readings of PEi, but the two largest, which both occur on January 11 
(Toronto -118 m and Stonyhurst -14 2 m ), are supported by 
se\eral other readings and probably refer to a preliminary shock As 
the performance of the Milne pendulums is the main point under 
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investigation, not only were the above five earthquakes used, but also 
five others in 1911 as follows — 


— 

Date 

Adopted Epicentre 

Adopted Time 

I 

1911, July 4 

39 ON, 71 4 E 

h m s 

13 33 33 

II 

1911, July 12 

270N,1160E 
190S, 140 0E 

1 4 9 7 

III 

1911, Aug 16 

! 22 38 51 

IV 

1911, Ort 14 

33 5N, 82 5 E 

1 23 24 1 

V 

1911, Deo 16 

12 0 N , 101 8 W 

19 13 51 

i 


For these earthquakes Pulkovo epicentre determinations were not 
available, but the results from Galitzm instruments at Eskdalemuir are 
published in the ‘ Geophysical Journal, * and have been adopted for 
use The computations were kindly made by Mr A E Young, 
formerly Deputy Surveyor-General of the Malay Survey, who is at 
present working at the Oxford University Observatory, and in this 
instance greater care was taken, Mr Young calculating the distances 
trigonometncally (instead of reading them from a globe) and using 
the times and tables to seconds of time m the computations, though 
in giving the results the unit 0 Im has been considered sufficient 

V — Compaiison of Films for 1911 

The chief object in using this additional material was as follows 
It was thought that some of the errors of the Milne instruments might 
be due to faulty readings of the records, susceptible of correction To 
test the general accuracy of such readings the different stations were 
invited to send their films for the year 1911 to Shide, and many 
of them have responded Some had bound up their films in such a 
way that transmission was undesirable, but films for 1911 have been 
leceived at Shide from Cape Town, Cork, Toronto, San Fernando, 
Sydney, Helwan (Egypt), Victoria, Ascension, Perth, Seychelles, 
Eskdale, Guildford, and Colombo, and have been systematically 
examined at Shide by Mr Burgess and Mi Pring, who have had 
much experience in reading the Shide films It was thought advisable 
to make this examination quite independently, before knowing 
whether the revised readings would suit the calculated facts better , and 
indeed the calculations were made at Oxford, so that the Shide readings 
were made in ignorance of the tabular result either before or after 
On comparing the old and new readings with expectation, it does not 
appear that the new afford any systematic improvement on the old 
The actual figuies for the above five earthquakes are as follows (the 
quantities given being differences from expectation, calculated as already 
indicated) They apply entirely to the phase P, the phase S being 
seldom read from the Milne lecords 
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Table V 

Comparison of Original and Revised Readings of Various Films for (he 

Phase P 



Ascension 



Seychelles 


Quake 

Ong 

Rev 

Quake 

Ong 

Rev 

TI 

-6 6 

Not read 

I 

+6 0 

Not read 

III 

+61 

+ 51 

II 

+0 0 

-10 




III 

+ 1 

+ 1 5 




V 

(37 0) 

(34 0) 


Cape Town 


For V epicentre is so distant that tables 

T 

-0 9 

+0 2 

fail 



II 

+2 3 

+2 9 




III 

+6 3 

+68 


Sydney 


V 

+6 6 

+ 6 1 

I 

+2 8 

-14 4 




II 

—4 5 

-41 9 


Holwan 


III 

+ 17 

-13 2 

Readings 

for Jan and Feb 

confirmed 

IV 

+9 6 

+ 92 

former results so consistently that the 

For II an 

earlier quake is conhrmed by 

sciutinv 

was discontinued 

as super 

Alipoie 

For III seo Toronto 

fluous 









i 

1 

Toronto 



Perth 


I 

+ 10 1 

-14 4 

III 

+3 6 

+3 5 

II 

+ 49 

+ 41 

V 

+2 4 

+2 5 

III 

+ 97 

-14 3 




V 

- 03 

- 1 1 


San Fernando 


For III seo Sydney 


I 

III 

-0 2 
+6 9 

-3 0 
+6 6 


Victoria 


IV 

f65 

+21 7 

V 

— 0 1 

— 0 1 

V 

-0 3 

-0 7 

Films not sent for other earthquakes 


Aftei consideiafcion of the above figures, it was decided to apply 
no coirections at all, but to accept the original readings as they stand, 
and in Table VT these are compared with calculated values The table 
corresponds to Table III except that A was now used m km , and 
the grouping is therefore a little different 

There is room for some difference of opinion as to the 17 records 
marked doubtful, but the 12 + 13 + 16 + 3 + 4 = 4:7 readings in the body 
of the table ire probably normal We thus get at least 47 but not 
more than 64 normal readings out of 108 These figures are better than 
the 1913 figures and encourage the hope that on the whole 60 per cent 
of the recorded readings for P may be normal, but the percentage 
cannot be higher than this 

One feature of the records seems to demand further investigation 
There is a suggestion that the readings are divisible into two groups 
separated by about a whole minute, and this applies also to the 
results for 1913, though they are scarcely numerous enough to dechie 
it independently It will be seen that the records —04m and —06m 
are not represented in either table, thus creating an appearance of 
separation But this may be purely accidental 

Coming now to S, Table VII has been formed in the 
same manner as before, adopting the same corrections to the tables 
for time of S There are three consistent observations of S at A 
=15,000 kms for which the tables are scarcely available but were 
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Table VI 

108 Errors of P for Milne Seivmographs tn 1911 


Distance from Epicentre in kms 

0 - 5000 — 9000 - 10000 - 11000 - 13000 over 

Large Errors 

m 

4-17 2 

m 

4-22 1 
4-161 


— 

! 

_ 

1 


— 

S 

(2) 

(6) 

(1) 


(0) 

— 

+ 10 8? 
+ 9 7? 
+ 8 6? 

PRi 


4-4 6 

4-4 4 

+61 

+6 3 

+6 9 

+6 2 

— 

4-3 3 

+4 3 

— 

+6 2 

+6 7 

+61 


— 

4-2 6 

+4 2 

— 

+4 9 

+6 6 

4-4 4 



4-2 6 

“• 



+6 3 

+3 9 

Doubtful 

+ 17 

+ 17 

+ 16 

_ 

+2 8 

+3 0 



+12 

+17 

+16 

— 

+2 3 

+2 4 

— 


+10 

+11 

+10 

— 

+10 

+1 4 

— 


+10 

+16 


— 

— 

— 

_ 1 

4-0 9 





— 

1 



+0 8 

— 

— 

— 

— 

— 


— 

4-0 7 

— 

— 

— 

— 

— 


— 

4-0 6 

1 

— 

— 

— 

— 


— 1 

4-0 5 

— 

1 

— 

— 

1 


— 

4-0 4 

— 

— 

1 

— 

— 


— 

4-0 3 


1 

1 

— 

1 — 

1 

1 

— 

4-0 2 

1 

1 

2 

— 

1 — 

1 

— 

4-01 

— 

— 

— 

1 — 

1 


1 1 

00 

— 

1 

1 

— 

1 — 



-0 1 

1 

— 

2 

— 

1 


1 i 

-0 2 

— 

2 

— 

— 

— 


— 

-0 3 

1 

1 

2 

— 

i 


1 

-0 4 

— 

1 

— 

I — 



— 1 

-0 6 

— 


— 

— 

— 


— 1 

-0 6 

2 

3 

1 — 

— 

1 — 


— 

-0 7 

1 

— 

1 — 

— 

— 


— 

-0 8 

2 

1 

, 2 

1 — 

— 

1 

— 

-0 9 

1 

1 

2 

j 

— 


i 

-10 

1 

— 

— 

^ — 

— 



-1 1 

1 

1 — 

— 


— 


— 1 

-12 

— 

' — 

1 

— 

— 


— 1 

-13 

— 

— 

1 

— 

— 


— 

-14 

— 

— 

— 

1 — 

— 


— 

-16 

— * 

1 


! — — 

■— 



Largo Enors 

-43 0 

-3 6 
-4 6 
-4 7 

GO 

I 1 

-3 7 

— 

- 

■6 5 
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provisionally extended It seems clear that an even larger correction is 
necessary at this distance than has been assumed In calculating 
the mean error these observations have been omitted, and the mean 
error is then ± 1 1 m as before Including them as they stand 
raises it to ± 1 2 m 

' Tablp vn 

36 Errors for S for Mdnt Seismographs in 1911 

Distance from Epicentre in kms 
0 — 6000 — 9000 - lOOOO- 11000 - 16000- All 


+ 2 8 to +3 2 



, - 

1 





1 

+2 3 to +2 7 

— 

1 

1 

— 

— 

2 

+ 18 to +2 2 

1 

1 

— 

— 

— 

2 

+ 13 to +17 

— 

— 

— 

— 

— 

0 

+0 8 to +12 

— 

— 

2 

1 

— 

3 

+0 3 to +0 7 

— 

3 

2 

1 

— 

6 

-0 2 to +0 2 

1 — 

1 

3 

— 

— 

4 

-0 7 to -0 3 

— 

3 

— 

1 

— 

4 

-12 to -0 8 

4 

2 

— 

1 

— 

7 

-17 to -13 1 

— 

1 

1 

— 

(1) 

2 

-2 2 to -18 

— 

1 

— 

— 

(2) 

1 

-2 7 to -2 3 


1 

— 

— 



1 


In addition there are three large positive errors ( + 99m, +78m 
and + 7 8 m ) and four large negative ( — 52m, — 58m, — 67m 
and “81 m ), which may be reflected waves The percentage is 
slightly less than before, but, putting 1911 and 1913 together, we 
have 36 + 39 = 75 tolerably certain S readings as against 47 + 25 = 72, 
or possibly 64 + 39 = 103 P readings The fact that S is as often 
readable as P on Milne seismograms, at any rate for large earthquakes, 
seems to be thus fairly well established 

VI — Comparison of Milne and Galitzin Instruments 

To the information conveyed by the above discussion the following 
may be added At Eskdalemuir Observatory various seismographs have 
been mounted side by side for comparison, and Mr G W WalLei 
made veiy careful and thoiough comparisons of the relative advan 
tages as indicated in his book already referred to It seemed desirable 
at the present juncture to have a formal report on the comparison of 
the Milne instrument with at least one other, and the Galitzin seemed 
the best to select as standard of comparison Application was there- 
fore made to the Supeimtendent of the Meteorological Office, and he 
kindly sent the following report, to which the names of L P 
Richardson and LUG Dines are attached 

Comparison between the Milne and the Galitzin types of Seismographs 

It IS convenient to treat the question under several different 
aspects, and a brief description of the two instruments may usefully 
precede the rest 

It IS unnecessary to say much about the Milne instrument 
Extreme lightness and compactness characterise it, and no simpler 
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method of optical registration could well be devised No expensive 
lenses aie needed, and, with the exception of a few paits of the 
mechanism, no specially high-class work is required in manufacture 
The whole of the apparatus is self contained and does not take up 
much floor-space It does not require a continuously darkened room 
in which to work Two pendulums to record both N S and JE W 
movements can be installed in the same case and record on the same 
drum 

The Galitzm instrument, on the other hand, is a veiy much moie 
complicated affair It is designed to follow a somewhat elaborate 
mathematical theory, and high-olass workmanship and accuracy are 
needed in its construction Its pendulum is shorter than the Milne 
and much heavier — sav, seven kilograms It is hung by two steel 
wires (Zollner system), and has no pivot at all in some cases Pro- 
vision, however, is made on the pendulum and frame for a steel point 
and cup to be inserted if required The supporting wires might, with 
advantage, be made of tungsten if corrosion were feared At the outei 
end of the boom are fixed to the frame four powerful horseshoe 
magnets Between the poles of one pair of these moves a set of wire 
coils fixed to the boom and coupled m senes with a delicate galvano- 
meter placed in any convenient position elsewhere Between the 
other pair is a large copper plate, also fixed to the boom, and this last 
acts as a magnetic damper The magnets can be adjusted as desired 
to vary the magnetic field between the poles 

The galvanometer is of the moving coil type, and has a long period 
of oscillation when undamped This galvanometer is an excellent 
piece of work and is electncally damped so that it can be rendered 
just aperiodic With the whole instrument in normal working it is 
necessary that the undamped penods of both pendulum and galvano 
meter should be the same, and that they both should be damped just 
to the limit of aperiodicity 

The optical registration consists of a collimator with a fine slit 
po^^erfully illuminated The beam is reflected from a mirror on the 
galvanometer and thence to the recording drum, where a cylindrical 
lens condenses the line of light into a point on the paper 

The two pendulums for recording N S and E W movements are 
under entirely separate covers, and in a more refined installation two 
separate drums are also used , but it is possible to use one drum only 
and arrange the spots of light from the two galvanometers side by 
side 

A good deal of floor space is required, and the room in which the 
recording parts are placed must be kept dark 

The galvanometers and recording drum may be placed m a separate 
room altogether, and, in fact, are better so placed The presence of 
the attendant is likely to disturb the pendulum if he brings his weight 
near the pillar on which it stands The recording part of the 
apparatus is quite unaffected by disturbances in the room m which it 
is placed 

For a further description of the Galitzm instrument see 
(1) * Modem Seismology,' by G W Walker, FES, chapters 2 and 3 
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(2) The catalogue supplied by H Masing, St Petersburg, the 
makers of the pendulum and recording part of the instrument 

(3) ‘ Ueber ein neues Aperiodisches Honzontalpendel mit galvano- 
metrischer Fernregistrierung,* by Prince B Galitzin (4) ‘Ueber 
einen neuen Seismographen fur die Vertikalkomponente der Boden- 
bewegung, * by Prince B Galitzm (5) ‘ Die electromagnetische 
Eegistriermethode, * by Prince B Galitzm, Academy of Sciences, 
St Petersburg 

The Galitzm recorder for vertical movements operates electrically 
m exactly the same manner as the horizontal instrument, and a similar 
magnetic damper is fitted to it The room m which the pendulum 
IS placed must be maintained as far as possible at a uniform tempera- 
ture, as the change m the elasticity of the spring which supports the 
pendulum causes excessive wandering if the temperature changes by 
even as little as 0 5 per cent 

Gomparattve cost — A Galitzm installation is much more expensive 
than a corresponding Milne one Two horizontal pendulums complete 
with galvanometer and one lecording diiiin cost at least 14.SI , while 
the pendulum for vertical movements with galvanometer and drum 
costs at least 1101 

This does not exhaust the expensiveness of the instruments, since 
about SIX times as much sensitive paper is required for one Galitzm 
recording drum as for one modern Milne drum for two pendulums 
It IS customary to run the paper at thiee centimetres per minute, and 
unless the optical ariangements weie impioved it would be hardly 
feasible to run it at much less speed without losing a good deal 
Under these circumstances the cost m paper alone of one recorder is 
about 33/ per annum 

Attention required — The Milne instrument does not require more 
than oidmary skilled attention If the operator be used to handling 
delicate instruments little moie is lequned Of the Galitzm instrument 
the same may be said as fai as the ordinary routine is concerned, but 
the greater complexity of the apparatus means a gieatei number of 
things liable to go wrong, and sooner or latei it is almost certain 
to happen that highly skilled attention is necessaiy Both types of 
instrument requne peiiodical standardisation, but while in the Milne 
type this IS quite a simple process, m the Galitzm it is quite otherwise 
A certain amount of auxiliary apparatus is required, such as telescopes 
and scales, and two persons are necessary to make simultaneous obser 
vations of the pendulum and galvanometer, when these have been 
made the constants of the instrument can be determined Prince 
Galitzm has worked out formulae for this purpose 

The whole process has m geneial to be gone through twice for each 
instrument, and it is a lengthy operation, taking probably about two 
wo'ikmg days A ceitain measure of observationil skill is required to 
take the necessaiy readings accurately, as well as a fan working know- 
ledge of mathematics to deal with the results when obtained 

It w^ould be possible to simplify the process somewhat more 
than has at present been done, and reduce it largely to routine, but 
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a Galitzm installation must always require a greater measure of 
skilled attention to lun it successfully than is the case with the 
simpler types of instruments 

It is difi&cult to estimate what is the minimum of mathematical 
and physical knowledge that must be possessed by an assistant in order 
to maintain successfully a Galitzm installation A working know- 
ledge of algebra is essential, and probably with this as a basis an 
intelligent operator could learn the rest of the loutme with the aid 
of computing-forms But without a knowledge of higher mathematics, 
and particularly elementary differential equations, it is impossible to 
understand the meaning of the formulae by which the constants are 
determined 

ResuTfs obtainable -^The Milne type of instrument is very sensitive 
as a mere eeismoscope With the exception of very faint movements 
indeed, some record of a distant quake can always be obtained by it , 
this IS due to the absence of damping and almost entire absence of 
solid friction, by altering the peiiod of oscillation of the boom 
it can be made particularly sensitive to any wave period desired 
The instrument at Eskdalemmr Observatory has at present a period 
of about eighteen seconds, and this corresponds approximately 
with the wave periods from very faint and i emote shocks For 
waves of this type the Milne instrument leaves some record of 
almost any earthquake that affects the Galit/m instrument, but 
wheieas the latter gives a trace that approximately follows the actutd 
movements of the ground, the trace fiom the former has little re 
semblance to it Maximum movements on the Milne recoid miy 
or may not coincide with the maximum movements of the giound 
it depends on the type of the earth movements and on the period of 
the pendulum By damping slightly, a moie faithful lecoid can be 
obtained, and by making the pendulum actually dead beat a modeiately 
close agreement will prevail between the actual earth movements and 
those worked out from the record This can be established theoreti- 
cally, but Prince Galitzm has also conducted experiments which show 
that theory and practice are in close agreement See Professor C G 
Knott’s book on * The Physics of Earthquake Phenomena,’ chapter 5, 
Unfortunately the reduction in the scale of the record which accom- 
panies damping renders the Milne pendulum very insensitive when 
damped For some months an oil damper has been fitted to one of the 
Milne pendulums at Eskdalemmr, the ratio of successive elongations 
IS approximately 2 4 The results obtained are disappointing for the 
reason given above 

If any satisfactory means could be found of increasing the magnifi 
cation optically even by a moderate amount, the damped Milne 
pendulum should be capable of yielding good results, and the gi eater 
simplicity of standardisation should be another point in its favour 

Turning to the Galitzm type of machine, as an instrument of 
precision it may safely be said to be ahead of all others The inter- 
pretation of its recoids is not a very simple matter, but by those 
prepared to spend the time a vast amount of information can be 
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obtained The scale of magnification vanes widely with different wave- 
periods, being in general approximately 800 as a maximum and for 
penods of about fouiteen seconds, and falling off for either longer or 
shorter penods 

The pieliminary tremors of a distant earthquake can be examined 
particularly well, and individual impulses analysed An experienced 
observer can analyse these preliminary phases from the shape and 
general appearance of the record far more easily than can be done in 
the case of the undamped Milne record See ‘ Modern Seismology,* 
by G W Walker, FES, chapter 7, for fuller information on this 
point 

It IS probably safe to say that a full and rigid investigation into 
the theory of these mstniments has not yet been published, and the 
possibilities of deducing complicated formulae in that direction are vast 
The high degree of accuracy that in favourable circumstances has been 
obtained in locating epicenties, using the records from a single station 
only, is sufficient to demonstrate the excellence of the instrument as 
at present used It would be well to state here that, though the 
Galitzin record does not represent the ground motion accurately in 
many cases, yet m the case of the first movement of the first 
phase P of an earthquake the movements on the N S and E W 
records will be proportional to the actual earth movements provided 
that the two pendulums and galvanometers are in correct adjustment 
and have the same undamped period Hence the azimuth can in 
favourable circumstances be accurately and easily determined, though 
to work out the actual earth movements would be a complicated 
matter 

One point worthy of mention in which the Galitzm instrument 
differs from most or perhaps all others is the absence of trouble 
arising from the wandering of the pendulum However the latter may 
wander, the zero of the galvanometer is unaffected The scale value 
may be altered slightly if the pendulum be far from the middle 
position, but this can easily be corrected from time to time This 
quality renders the instrument useless for determining slow changes in 
tilt, as can’ be done with other types 

Mention has been made above of varying scale value, this intro- 
duces another limitation For very short periods the magnification 
is very small, being about 110 for one second period and varying 
directly as the period for lesser values 

Hence rapid vibrations will leave no record, and this may be 
the explanation of the fact that small local earthquakes are not 
recorded on this type of instrument 

Owing to the high degree of magnification and great sensitivity, 
some trouble is expenenced from disturbances due to high winds, 
and from experience at Eskdalemuir it would seem desirable to house 
the pendulum in a small sheltered building rather than a large exposed 
one Heavy weights moving in the vicinity cause trouble, as with any 
other sensitive instruments , but the records so produced being of definite 
character can be readily traced to their origin, and are immaterial if not 
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too frequent Occasional traffic along a neighbouring load would not 
cause much confusion on the record 

A curve is shown attached giving the magnification of movement 
in both the Milne and Galitzm types It refers solely to the case 



of a long-continued senes of uniform waves , but it is noteworthy that 
m the Milne type it cannot be applied to any othei kind of motion and 
n«ay be considerably in error even one or two minutes after the 
commencement of the series 

In the Galitzin type, however, the free motion dies away much 
more rapidly 

VII — Present Value of the Milne Instrument 

We may summarise the present situation as follows — 

(a) The Milne instrument is undamped, but for one purpose — viz , 
the determination of times of arrival of P and S — this does not matter 
There has been an idea that S (or Pa) is not easy to read on Milne 
records, but S has often been read in mistake for P, and when these 
readings are counted properly S seems to be identifiable as often as P 
On the other hand, the absence of damping makes the readings of 
maximum of uncertain significance 

(b) The time scale of the Milne instrument is small and its magni- 
fication IS also small Both might be increased with advantage, and 
it seems probable that then the times of arrival of P and S could 
be read as well as on most other instruments 

(c) The present wide dispersion of Milne stations makes the records 
of great value Most of the modern instruments are m Europe For 
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an earthquake in Europe they are distnbuted in various azimuths 
(not quite a complete circuit even then), but for distant quakes they 
cluster in the same azimuth and give no matenal for discussion in 
azimuth (see Section VIII ) The Milne stations, however, especially 
those in Austraha, can supply this information 

It IS clear, then, that the usefulness of the Milne instruments is 
by no means at an end, as the perfection of modem seismographs 
(especially the Galitzin instrument) might at first suggest And it 
should not be difficult to extend it considerably 

(a) It can be damped effectually Mr J J Shaw, of West Brom- 
wich, has done this electro-magnetically with an aluminium plate 
ill place of the Galitzm copper plate, which is too heavy for the light 
Milne boom At present, however, he has not obtained simultaneously 
sufficient magnification to give the damping effect damping is 
chiefly of use for following the movements of the long waves, and the 
scale should be big enough to show them clearly Mr Shaw is still 
at work on the instrument, and hopes to obtain the requisite magnifi- 
cation 

(b) Theie should be little difficulty in inci easing the magnification 
moderately both in movement and in time scale, though it may 
not be easy to settle which is the very best way of doing it The 
experiments being made by various observers should at least give us 
a feasible plan 

(c) Meanwhile xf special attention ts paid to getting good time 
determinations, and if the films are carefully lead with a lens, the times 
of arrival of P and S for Milne stations should enable us to correct 
the tables for considerable distances from the epicentre where the 
European stations all agree and are all in eiroi owing to then con 
gestion in azimuth (See next Section ) 

VIII — Correction of the Tables for P and S 

Eecuiring to the discussion of Section IV , it was shown that the tables 
for both P and S were sensibly in error, and the question arises how far 
they can be corrected The main facts are these — 

(a) The tables for small values of A are sensibly correct This is 
shown by the agreement of determinations of epicentres fiom Pulkovo 
and Eskdalemuir, quoted by G W Walker in his monograph (p 65) 
From each station the azimuth a and the distance A can be determined , 
and from the two azimuths a and the epicentre can be determined 
without leference to A at all ^ This is a modern advance, the importance 
of which IS not easily over-estimated If then the values of A determined 
fiom the P and S tables agree (to a fraction of a degree) with those found 
from the azimuths, the tables must be fairly correct The value of A 
IS about 20° 

(/3) But this single example may give quite a wrong impression of 
the accuracy with which an epicentre is at present determined At 
greater distances we gradually lose the accordance between these stations 
Thus, on January 4, 1912, Pulkovo gives 175° E , 49° 5 N , and Eskdale- 


* See letter of Galitsin and Walker in Nature for September 5, 1012 
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muir 177®B , 61® N , on July 9 Pulkovo gives 30® 3B , 2° 1 N , and Bskdale- 
muir 33® 9 B and 6® 3 N , and at greater distances still the discordance 
may be 6® or even 10® The azimuths may still be good, though as the 
azimuthal lines do not meet so sharply, the determination becomes less 
defimte , and, moreover, it must be remembered that actual errors in 
the adjustment of the booms become of greater importance We have 
nothing to set against the clear evidence offeied in Section IV that the 
tables for S are in error, though since the errors there found are only 
rdahvey we may add a constant to them all, substituting, for instance, for 


Error at 15® 

35® 

55° 

75* 

95® 

115® 

m 

m 

m 

m 

m 

m 

—0 3 

the revised values 

-0 1 

+01 

+0 3 

+0 5 

+0 7 

0 0 +0 2 +0 4 +0 6 

so that the erior is small near the epicentre 
Similarly the errors for P might be wntten — 

+0 8 

+ 10 

Error at 15® 

35® 

55® 

75® 

95® 

115® 

m 

m 

m 

m 

m 

m 

00 

00 

+0 1 

+0 2 

+0 4 

+0 6 


if we determine to keep the erior small near the epicentie In this case 
it seems possible that the revised tables just published by the K Gr Landes- 
antalt fur Meteorologie und Geodynamik in Zagreb (Agram) might supply 
information which would determine the unknown arbitraiv constant 
The enors of the Galitzin tables indicated by Zagreb at the above points 
aie 

m m m m m m 

+01 +01 0 0 +01 +0 2 +0 3 

Difierence +01 +01 -0 1 -0 1 -0 2 -0 3 

The differences do not, however, remain constant, even appioximately 
The present comparison indicates largei errors for values of A greater 
than 75® than the Zagreb tables admit 

It thus appears that the moment is not yet come to suggest coirections 
to the tables which are likely to meet with general acceptance It seems 
better to retain the old tables until a much greatei mass of material has 
been discussed, and the old tables will accordingly be used foi the com- 
parisons made at Shide at any rate for the observations of 1914 The 
discussion of some 100 earthquakes should provide coriections appioxi- 
mating to definitive ones Meanwhile, the best available collections 
to the tables from the material above discussed, incoipoiating the in- 
formation derived fiom the next section, aie given at the end of the next 
section 

IX — Discussion in Azimuth 

If the receiving stations are arranged in azimuth (A) lound the epi- 
centre, then 

(a) Assuming the velocity of transmission constant in all azimuths, 
any error (8) of position of the epicentre will give rise to an eiioi 

c + e cos (A — Ao) 

in the observed times at the stations where Ao is the azimuth in which 
the epicentre is erroneously displaced , A is the azimuth of the receiving 
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station , e is the efEect of the displacement (8) on P or S, as the case may- 
be, at the distance of the receiving station , and c is a constant depending 
on the position of Pulkovo, or other station from which the epicentre is 
determined 

(6) If the velocity of transmission varies with the azimuth, then, if the 
velocity in azimuth A is not the same as m azimuth A + 180®, there will 
be a first-order harmonic which will be mixed up with that just written, 
due to the error in position of epicentre , and it may be difficult to separate 
the two If, however, the velocitv is the same for A and A + 180®, then 
we may look for a second-order harmonic to represent the variation It 
will be seen from what follows that theie are no trustworthy indications 
of such terms from the material now discussed The material is insufficient 
to pronounce definitely against the existence of such terms, especially 
with small coefficients , but it is apparently sufficient to discredit any 
large term of the kind Foi instance, Milne suggested a velocity N 
and S sensibly less, in the case of the large waves, from the velocity 
E and W (Eighteenth Report, § v) No such difference can be detected 
in the velocities for P and S 

We will first give in some detail the lesults foi a single earthquake, 
that of 1913, January 11, adopted epicentie 6® N , 117® E The lesiduals 
foi P, when collected foi distance fiom epicentre as in Section IV , and 
arranged in azimuth measured from the N point lound the epicentre in 
the diiection N , E , S , W , are as shown in Table VIII 

We see at a glance the better distribution of the Milne pendulums , 
most of the modem pendulums are in Europe and appeal in the same 
azimuth-class 300® — 330® Were it not for the Milne instruments ve 
should have very scanty mateiial for an azimuth discussion , and yet 
this is one of the most favourable cases The infciiority of the Milne 
instrument suggests giving a sniallei weight to its records, but it will be 
seen that we should gain \eiy little thereby Taking the simple means 
as in the last column and filling in vacant terms by simple interpolation 
(m brackets), w e can make a very rough harmonic analysis, obtaining 

-1 6 + 7 5 cos (A-330®) + 2 7 cos 2 (A - 70®) 

Tieating the S obseivations iii the same \\ay, ^^e get Table IX 

The material for discussion in azimuth is even more scanty and un- 
ceitain than before , but, analysing it foi what it is voith, we get 

— 1 2 + 8 0 cos (A — 332°) + 4 7 cos 2 (A — 177®) 

Now, considering the nature of the material and of the process used, 
it IS somewhat remarkable that the results from P and S should accord 
so well in indicating a correction to the epicentre The direction is in 
azimuth 331® say, and as the azimuth of Pulkovo is 330®, it is pretty 
clear that the estimated A for Pulkovo is in erior, owing doubtless to 
the errors of the tables The amount of displacement is not so easv to 
assess In the above simple process we have treated all stations, at 
whatever distance from the epicentre, alike A displacement of the 
epicentre of 1® will, however, alter the times of arrival of P by 16 s near 
the epicentre, by 5^ s at 90®, and by less still at greater distances Never- 
theless, on calculating the alterations for the actual distances, the mean 

1914 F 



Table VIII 

DistribiUton of errors of P in anmuth round epicentre, 1913, January 11 
(The unit is 0 1 m or 6 secs ) 

(a) Instruments other than MUne 
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Distribution of errors of S %n azimuth round epicentre, 1913, January 11 
(The unit is 0 1 m or 6 secs ) 

(a) Instruments other than Mdne. 
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for the different groups was found to be nearly constant at about 8 s 
Since the coefficient (8 units of 0 1m) means 48 s , we may take it that 
the epicentre is about 6® wrong As regards direction, note that the 
observed times for receiving stations on the side of the epicentre remote 
from Pulkovo are too small , so that the epicentre must be moved nearer 
to them and further from Pulkovo The observed S-P at Pulkovo, viz 
10 m 24 s , does not correspond (as indicated by the present tables) to an 
epicentral distance of 83® 5, but to a distance of 89° 5 

Turning to S, we find the average value of 1° to be about 13 s The 
first harmonic of S thus indicates a displacement of 48°/ 13 or 3° 7 We 
may regard this as a satisfactory confirmation of the magnitude of the 
error, which may be put at about 5° 

The second harmonics m both cases are small, and the phases are 
quite discordant We may fairly say that there is no evidence of a varia- 
tion in' velocity of an elliptic type 

As regards other earthquakes analysed foi azimuth the following 
notes will suffice — 

1913, March 14 Ejpicentie 11° N , 123° E , distant from Pulkovo 

Of nearly same type as that of 1913, January 11, but distiibution of 
stations not so good The numbers in the 30° divisions for P are 

1100121114: 33 5 

and the harmonic expression is (in units of 0 1 m ) 

+ 0 2 + 5 0 cos (A -- 302°) + 4 0 cos 2 (A - 36°) 

For S the number of stations are 

1100060002 24 3 

and the harmonic expression is 

- 7 8 + 14 5 cos (A — 345°) — 4 2 cos 2 (A — 7°) 

In spite of the broken nature of the senes, the indication of 
an error of about 4° or 5° in A is tolerably plain The azimuth 
of Pulkovo is 330°, and the magnitudes of the displacement assigned 
by the P observations may be put at 30°/8 = 3° 8 

„ S „ „ „ 87°/13 = 6° 7 

There is some indication of a second order term, but it cannot be 
regarded very seriously 

1913, March 23 Epicentre 26° N , 143° E , distant 1 S'" from Pulkovo 

The only available observations between azimuths 0° and 210° are 
two Milne observations of P and one Milne of S There seems no 
advantage in making even a rough estimate 

1913, April 30 Epicentre 60° N , 176° E , distant 67° from Pulkovo 

Number of observations in the separate groups 
forP 42001000313 14 
forS 4 3 1 0 0 1 0 0 1 2 1 10 
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Harmonic expressions 

from P +21+ 2 7 cos (A — 207®) + 3 6 cos 2 (A — 73®) 
from S + 0 5 -f 11 0 cos (A — 235®) + 2 6 cos 2 (A — 160®) 

Azimuth of Pulkovo being 342®, the mean direction of displacement 
(azimuth 220® say) is nearly at light angles to the direction ot Pulkovo, 
and cannot be wholly explained by an eiror of tables The small com- 
ponent in the line joining epicentre to Pulkovo is in the opposite direction 
to that previously noted 

1913, June 14 Epicentre 43® N , 26® E , distant 17®/rom Pulkovo 

Theie are unfortunately no obseivations of S from azimuth 90® to 
270°, so that we cannot make any analysis The mean results for the 
othei azimuths are 

Azimuth 270®— 300®— 330®— 0®— 30®— 60®— 90® 

Mean +1 — 4 —2—4+40 

No observations 4 4 11 2 2 1 

which suggest a displacement in the opposite direction to that of January 11 
and March 14, and in the same direction as the component of April 30 
The numbers for P are 

1412001043 11 2 
and the harmonic expression is 

+ 2 1 + 2 8 cos ((9 — 165®) + 1 6 cos 2 (^ - 111®) 

The azimuth of Pulkovo being 7®, the small displacement indicated is 
nearly radial and in the opposite direction to those of January 11 and 
March 14 

Hence, so fai as this evidence goes, the error of S-P is about 30 s at 
85®, diminishes at lesser distances, and changes to a small negative value 
The corrections needed by the Galitzm tables would seem to be appioxi- 
mately as follows — 

A ^ 15® 25® 35® 45® 55® 05® 75® 85® 95® 105® 

S SSbSSSSSS 

Collection p == 0 0 0 0 0 —I —3 —8 —15 —24 

Coirection S =-+5 0 -4 -8 -11 -14 -17 -24 -35 -50 

Correction (S-P) =-+5 0 -4 -8 -11 -13 -14 -16 -20 -26 

Correction A =-5 0 +6 +13 +18 +24 +28 -[31 +42 +52 

the collection to A being expressed in umts of 0° 1 


Investujation of the Upper Atinosphtre — Thirteenth Report of 
the Committee, consisting o/ Di W Isi Shaw (Chairman), 
Ml E Gold (Seci etary) , Messis C J P Cave and W H 
Dines, Dr K T Glazebrook, Sir J Larmor, Professoi 
J E Petavel, Dr A Schuster, and Di W Watson 

A MEEiiNQ of the Joint Committee was held m the rooms of the Eoyal 
Meteorological Society on May 5, 1914 It w^’as decided to allocate the 
grant from the British Association towards the expense of investigations 
with pilot balloons ovei the ocean to be iindei taken by the Secretary 
on the journey to Austiaha, via the Cape of Good Hope An 
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additional grant was made from the funds of the Boyal Meteorological 
Society to enable simultaneous observations to be made by Dr W 
Eosenhain, of the National Physical Laboratory, on the journey via 
the Suez Canal A report on the observations is in preparation and 
will be published in due course 

The report by Mr G I Taylor on the observations which he made 
on board the S cotta in 1913, referred to in the Committee's report last 
year, has been published in the official account of the results of the 
Scotia Expedition, issued by the Board of Trade The results which 
Mr Taylor obtained throw much light on the formation of fog and 
on the propagation of heat through the atmosphere by means of eddies 
He found generally that thick fogs were associated with a large increase 
in the temperature of the air in a vertical direction, while light fogs 
occurred when the increase was small 

The Committee records with regret the death during the year of 
Mr Douglas Archibald, who was one of the earliest investigators of 
the upper air by means of kites, and had served on the Committee 
since its appointment at Glasgow in 1901 

The Committee asks for reappointment, with a grant of 251 


Radiotelegraphic Investigations — Interim Report of the Com- 
mittee, consisting of Sir Oliver Lodge (Chairman), Dr W H 
Eccles (Secretary), Mr Sidney G Brown, Dr C Chree, 
Professor A S Eddington, Dr Erskine-Murray, Professors 
J A Fleming, G W 0 Howe, and H M Macdonald, 
Sir H Norman, Captain H E Sankby, Professor A 
Schuster, Dr W N Shaw, and Professor S P Thompson 

The past year has been occupied mamly by the designing, printing, 
and distribution of books of forms for recording observations, by the 
enrolment of observers, and by the preliminary work in connection with 
the observations to be made during the forthcoming solar eclipse 

I Collection of Ordinary Daily Statistics 
We have obtained the cordial support of many Government Depait- 
ments of the British Empire and of other countries In the British 
Empire the Navy has tsien* forms sufficient to distnbute to about 
120 ships The Post Office has sent forms to nine stations The 
Government of Canada have undertaken to get statistics from foui 
stations on the Pacific Coast The South African Government have 
authorised the collection of statistics at Cape Town and Durban The 
Australian Government have brought eight stations into the scheme, and 
the New Zealand Government and the Indian Government each several 
stations The Colonial Office has kindly circularised other of the 
Colonies, and of these the followmg have already replied favourably, and 
have had supplies of forms despatched to them — 

Falkland Islands Zanzibar Bntish Guiana 

Bahamas Somaliland Jamaica 

Txuudad Fiji Sierra Leone 

C^lon Coast 
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The Government of Norway have agreed to have statistics collected 
at four stations, the United States Government at five, in Germany 
the Telegraphs Versuchsamt is making observations at Berlin, and 
there are some Eussian Government stations likely to co-operate 

The following Companies are taking a prominent part in the collec- 
tion of statistics The Marconi International Marine Communication 
Company, Ltd , have already twenty-three ships at work, the Marconi 
Company of Canada have thirteen stations at work on the East Coast of 
Canada, in Newfoundland and on the Great Lakes, the American Mar 
coni Company have put fifteen land stations (between Alaska and the 
Gulf of Mexico) to work, and several ships, the Federal Wireless Tele- 
graph Company of Amenca have started observations at their San 
Francisco station, the Gesellschaft fur drahtlose Telegraphie will put a 
considerable number of stations to work as soon as forms have been 
translated, and they have the intention of establishing a small prize 
scheme amongst their operators for the best series of observations At 
the Slough station the Anglo-French Wireless Company started obser- 
vations which will be continued by the Galletti Company , while the 
English Marconi Company aie doing the like at Chelmsford 

With regard to Eussia, the language difficulty was likely to prove 
formidable, but the Editor of the Eussian ‘ Journal of Wireless Tele 
graphy ' has arranged that the forms be translated into Eussian and 
that the collection of statistics be urged upon readers of his Journal 
The Soci4t4 Eussc de T614graphes et T616phones sans Pil ha\e agreed 
that the forms, when translated, shall be used at a number of the 
stations undei the control of the Company in Eussia 

Among private experimenters of note we have obtained the support 
of several gentlemen abroad, who will doubtless have to be mentioned 
in subsequent reports There are also a number of Professors in the 
British Isles and in the Colonies helping, and about sixty-one amateurs 
Of these there are thirty six in England, tw^o in Scotland, six in Ii eland, 
and one in Wales 

A considerable number of completed forms have already come to 
hand and a start has been made on the analysis 

II Observations to be made during the Eclipse of August 21, 1914 

The central line of the eclipse passes across Norway, Sweden, the 
Baltic, Central Eussia, the Black Sea, and Persia, to the coast of India 
Accordingly, the Governments of Norway, Sweden, Eussia, and India 
have been approached The Norwegian Goveinment have generously 
placed practically all their stations at the disposal of the Committee, 
the Swedish Government have agreed that the observations they wish to 
make on their own behalf shall be made in accord with the programme 
of the Committee, to whom copies will be supplied, and the Eussian 
Government will set a number of stations to work, but the number and 
position of these have not yet been settled The Soci6t6 Eusse will place 
their high-power station at St Petersburg at the disposal of the Com- 
mittee, and the Gesellschaft fur drahtlose Telegraphic is also willing 
to allow two or three large stations to come into the scheme This 
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Company will enact that observations on the day of the eclipse shall be 
compulsory in many of its stations m the Baltic and in Germany The 
Indian Government have agreed to help also In Western Europe the 
transmission of special signals is not of such great importance as in 
the districts nearei the central line of the eclipse, but some observa- 
tions ought to be instituted on signals in that part of the world The 
Marconi Company have kindly expressed their willingness to aid the 
Committee by transmitting from certain high-power stations a few 
special signals, if desired, at times to be arranged by the Committee 

Many private observers in different parts of the world have signified 
their willingness to make a special effort on the day of the eclipse It 
has been explained to the authoiities in the United States, Canada, 
Austraha, South Africa, and New Zealand, that although theie is not 
much likelihood of the effects of the eclipse being peiceived in then 
territories, yet they will be advised of the programme of the Com- 
mittee, in order that they may, if they will, determine precisely whethei 
there is, or is not, any effect Since it seemed important to enlist the 
sympathies of as large a number as possible of skilled observers on the 
Eastern boundaries of Germany, Austria, and Hungaiy, the Editoi of 
the ‘ Jahrbuch fur drahtlose Telegiaphie ’ was asked, and has agreed, 
to seek German speaking observers, conduct all piehmmaiy corre 
spondence with them, translate forms and get them punted and dis- 
tributed, and to collect the forms It has recently been arranged that a 
large proportion of this woik may be shared with the International 
Commission of Brussels 

In addition to all Ihis welcome assistance, we aio especnllv glad 
to report that the Board of the Admiralty have agiced to co operate on 
an extensive scale 


Thr Eolatiom hotiroon thi<i Comimttce and the InlcrnaUonnl 
Commission of Brussels 

As a member of the British Section of the Internation il Coinmissicn, 
the Secretary was made a delegate to the recent Conference in Biussels, 
and there suggested that it might be to the advantage of both oiganisa- 
tions, especially when requesting assistance from Goveinment "Depart- 
ments or Companies, or even private experimenters, that a public 
announcement should be made showing that the aims of the two bodies 
ate different, that theie is loom foi both, tint theie is little danger of 
any Government or Company or private experimenter being asked to 
do the same thing twice, or to favour one to the detriment of the othei , 
and that if on any occasion there weie overlapping, then the two 
organisations should endeavour to cooperate The International 
Commission therefore drew up and passed the following resolution — 

* La Commission Internationale de T S P S , ayant pris connais- 
sancedu but des travaux du Committee foi Eadio telegraphic Investi- 
gation of the British Association,'* estime que les travaux des deux 
organisations ont des objets dift^rents 

* La Commission Internationale de T S F S se propose, en eftet, de 
faire des recherches qui portent prmcipalement sur les mesures quantita 
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tives se rapportant ^ remission, k la propagation ot k la reception des 
ondes 61eciriques 

‘ L’Association Britannique a ddcid^, de son c6td, de recueillir, de 
claisser et de commenter les r^sultats des observations susceptibles de 
faire ressortir les relations entre les ph^nomfenes g4ophysiques et la 
propagation des ondes ^lectiiques II entre ^galement dans ses vues de 
dresser la statistique et de faire T^tude des ph^nomfenes anormaux et des 
perturbations atmosph^nques 

‘ En cons6quence, si les champs d 'activity des deux oi ganisations 
viennent k avoir des points communs, la Commission Internationale de 
T S F S engage ses adherents k prcter ^ventuellement le concours le 
plus complet 6. la “ British Association * 

At a meeting of the British Association Committee on May 8, 1914, 
the following resolution was adopted — 

‘ That the Eadiotelegraphic Investigation Committee of the British 
Association foi the Advancement of Science take cognisance of the 
losohition adopted by the Commission Intel nationale de T^l^graphie sans 
Fils Scientifique at the recent conference in Brussels, and desire to 
affirm that they find themselves m full accord with the definitions, as 
expressed in the resolution, of the differences between the aims and 
methods of the researches promoted by the two organisations, while, 
m regard to those researches in which the two bodies both take an 
active interest, this Committee warmly welcome and value highly the 
offer of coopeiation, and gladly undertake to give all assistance in 
their power ' 

The Committee has expended up to the present in office expense®, 
piinting, and distnbiition of forms, the sum of 144Z 

[Noie —Tho following communication was circulited to Members of the Cora 
mittee by the Secretaiy on behalf of the Chau man in Decembei, 1914 — 

The war has natuially had a very direct effect on radiotelegiaphic investi 
gations About August 1 last, pri\ate wiieless telegraph stations thioughout 
the Erapiie were neaily all dismantled or taken possession of by military authoii 
ties, while naval and other Government stations stopped all merely scientific 
observing The radiotelegraphic stations in Russia, Germany, and neighbouring 
countries doubtless discontinued the filling up of our forms as soon as mobilisa 
tion began A few stations in India, Australia, Canada, the West Indies, and 
the United States are however, still at work In the last named country about 
thirty stations are making observations 

The Committee’s piogramme for ihe collection of statistics thiee days a week 
in all parts of the English speaking world and in a few other countries was 
planned to embrace one complete round of the seisoiis The fact that the pio 
giamme has been interrupted after only three months of really full woik 
diminishes greatly the scientific value of such statistics as have been collected 
It also implies considerable financial loss A large batch of forms was distri 
bated to our Navy in July in clearing for action these forms would probably 
be wasted The German edition was distributed in June The Russian edition 
also was probably distributed before the outbreak of war 

The extensive scheme of special observations projected for the occasion of 
the solar eclipse failed almost completely in the countries in which the eclipse 
was visible A small amount of work was done in Norway and Sweden All 
the necessary forms had been printed, and some had been circulated before the 
war started The financial loss to the Committee in this respect exceeds 
hundred pounds. 
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The day by day statistics collected m the period April to July are now being 
analysed The conclusions drawn from these observations will, it may be 
hoped, have some scientific value of their own, and in any case they should yield 
information which may guide the Committee, when the time comes, to further 
attacks on the problems concerned A similar thought may be set down as 
consolation for the eclipse failure 

In October last, at a speaal meeting summoned by the Inspector of Wireless 
Telegraphy at the General Post Office, where it happened that the Committee 
were represented by Dr Erskme Murray and the Secretary, the Committee were 
asked to draw up for the Home Office a list of gentlemen distributed over the 
British Isles who would be willing, if and when called upon, to assist the 
police by acting as voluntary expert^ in wireless telegraphy The police cannot 
in general be expected to possess sufficient technical knowledge to discriminate 
between dangerous radiotelegraphic apparatus and other apparatus Co operation 
with the police authorities in each locality by someone possessing technical 
knowledge will help to prevent blunders and may assist in detecting illicit 
traffic Accoidingly gentlemen whose names appear in the address book of the 
Committee have been written to, and lists of voluntary experts have been sup 
plied to the Home Office ] 


Establishing a Solar Observatory in Australia — Report of the 
Committee, consisting of Professor H H Turner (Chan- 
man), Dr W G Duffield (Secretary), Kev A L Cortie, 
Dr F W Dyson, and Professois A S Eddington, H F 
Nbwall, J W Nicholson, and A Schuster, appointed to 
aid the work of Establishing a Solar Observatory in Australia 

The Committee records with gieat sorrow the death of its former 
Chairman Sir David Gill, whose name has always been so prominently 
associated with scientific enterprises connected with the Southern 
Hemisphere Professor H H Turner has been appointed Chairman 
in his place 

The Secretary has gieat pleasuie in reporting that the following 
letter has been received from the Commonwealth Authorities in re- 
sponse to further representations regarding the desirabilit} of electing 
a Solar Observatory within the Commonwealth — 

Commonwealth Offices, 

72 Victoria Street, Westminster, S W 
March 10, 1914 

Dear Dr Duffield, 

With reference to previous correspondence in regard to the estab- 
lishment of a Solar Observatory m Australia, I desire to inform you 
that I have now received a memorandum irom the Commonwealth 
Government advising that in the scheme for the organisation of services 
in connection with the Seat of Government at Canberra, provision 
has been made for the establishment amongst general astronomical 
studies of a section to be devoted to solar physics in particular 

Yours sincerely, 

(Signed) R Muiriiead Collins 

Dr Geoffrey Duffield, 

Umversity College, Reading 

The Committee records its great satisfaction at the promise of the 
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institution of Solar Eesearch in Australia — an end for which it has 
worked since its appointment at the Dublin Meeting of the Association 
in 1908 The Prime Minister of the Commonwealth has consented 
to receive a deputation of overseas astronomers with regard to the 
nature of the solar work which should be undertaken in Australia 


The Calculation of Mathematical Tables — Report of the Com- 
mittee, consisting of Professor M J M Hill (Chairman), 
Professor J W Nicholson (Secretary), Mi J E Airey, 
Professor L N G Filon, Sir George Greenhill, Professor 
B W Hobson, Professor Alfred Lodge, Professor 
A E H Love, Professor H M Macdonald, and Professor 
\ G Websier 

The grant given to the Committee during the past year has been ex- 
pended on the calculation of the Logarithmic Bessel Functions, for which 
it was specially allocated In the present report are Tables of the functions 
Yo(a5) and Yi(x), whose significance was explained on page 29 of the last 
report These proceed from argument cc = 0 02 to a? = 15 50, at 
intervals of 0 02, and are conect to six significant figures 

Some further Tables of the functions G,i(aj) are also included, for 
varying older n of the functions These are incomplete at present The 
Committee is proceeding with the further calculation of the functions 
¥ 2 ( 0 ?), Ys(x), on the same scale as the present Tables of Yo 

and Y: 

The Committee desires to ask for a further grant of 301 during the 
coming yeai, to be allocated to this work 

Some Tables calculated by Mr Doodson, of the University of Liverpool, 
aie given at the end of the report They deal with the functions of 
type Ju+ii(ic), where w is a positive or negative integer A considerable 
demand for these Tables exists at present Mr Doodson is continuing 
this work, and it is suggested that his name be added to the Committee 
The previous requisition that a large number of copies of the report 
(about 100) should be placed in the hands of the Secretary for distribution 
18 repeated, as the demand for these Tables from physicists is increasing 

Tableb of the Neumann Functions Yq(x) and Yi(it.) or Bessel Functions of 

the Secoiid Kind 

The second solution of Bessel’s differential equation 

has been given in several forms — G„(a?), Y„(a;), K„(a?), &c Tables 
of Go(5c) and G (x) for values of x from 0 01 to 16 00 by intervals of 0 01 
were published in the report for 1913 

Short Tables of the Yo(a;) and Yi(a;) functions defined by 
Yo{a!) = Jo(a>) log^ + (|)' - (1+ i) (|) / 2 1 >> 

+ (l+i + i)(|)V3!»-.... 
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T,(») = Ji(») log^ - Jo{x)jx - I 4- (1 + J) 0*|1 1 2 1 

-(l+i+^)Q*/2'3! + 

have been calculated by B A Smith foi a; = 0 01 to 1 00 and 1 0 to 
10 2 to four places of decimals, and by J R Aiiey foi sc = 0 1 to 16 0 
to seven places 

The following Tables have been computed from the relation 
YM = (log 2 - y) 3,(x) - G,(x) 
and verified by the method of differences 

The interpolation formulae for other values of the argument are 

Y.(. ± 7i) _ [1 - ± I ] Y.(.) + [=F S + *; ] Y, W 

Y,(.±J)_[iq= ?-»;(! -2,) ]y,(»)+[±A-*‘ ]y.(.) 


Tablet of the Neumann Cylinder Functions 


X 

Yo(«) 

Yi(-t) 

m 

Yo(t) 

Y.(r) 

0 02 

-3 911632 

-50 044118 

0 76 

-0 099484 

-1 669616 

0 04 

-3 217189 

-26 074360 

0 78 

-0 068482 

-1 530927 

0 06 

-2 809980 

-16 766014 

0 80 

-0 038237 

-1 493705 

0 08 

-2 S20090 

-12 620908 

0 82 

-0 008726 

-1 467735 

010 

-2 294336 

-10 139907 

0 84 

+0 020080 

-1 422912 

012 

-2 109042 

-8 490186 

0 86 

+0 048199 

-1 389144 

014 

-1 961600 

-7 314934 

0 88 

+0 076662 

-1 356346 

0 16 

~1 814487 

-6 435818 

0 90 

+0 102458 

-1 324442 

018 

-1 692861 

-5 763809 

0 92 

+0 128636 

-1 293362 

0 20 

-1 583421 

-5 209617 

0 94 

-f 0 164198 

-1263043 

0 22 

-1 483817 

-4 766173 

0 96 

-f 0 179162 

-1 233429 

024 

-1 392318 

-4 396614 

0 98 

+0 203539 

-1 204467 

0 2b 

-1 307611 

-4 083430 

100 

+0 227344 

-1 176110 

0 28 

-1228681 

-3 816196 

102 

+0 260588 

-1 148315 

0 30 

-1 164725 

-3 684806 

104 

-1-0 273280 

-1 121042 

0 32 

-1 085096 

-3 382440 

106 

-f 0 295433 

-1 094256 

0 34 

-1 019269 

-3 203886 

108 

+0 317054 

- 1 067922 

0 36 

-0 966809 

-3 045093 

1 10 

-fO 338152 

-1042011 

1 0 38 

1 -0 897356 

-2 902869 

1 12 

-fO 368737 

-1 016496 

0 40 

-0 840601 

-2 774662 

1 14 

-f 0 378815 

-0 991360 

0 42 

-0 786288 

-2 668408 

1 16 

H-O 398393 

-0 966651 

0 44 

; -0 734196 

-2 652423 

1 18 

+0 417479 

-0 942079 

0 46 

-0 684132 

1 -2 466317 

1 20 

-1-0 436078 

-0 917912 

0 48 

-0 635932 

-2 365931 

122 

+0 464197 

-0 894033 

0 60 

-0 589460 

-2 283297 

124 

H-0 471841 

-0 870426 

0 52 

-0 544561 

-2 206594 

1 26 

+0 489016 

-0 847076 

054 

-0 501152 ' 

-2 135127 

128 

4-0 606726 

-0 823970 

0 56 

-0 459125 

-2 068299 

1 30 

4-0 621976 

-0 801094 

0 58 

-0 418392 , 

-2 005598 

1 32 

4-0 637771 

-0 778438 

060 

-0 378876 

-1 946580 

1 34 

4-0 663116 

-0 765991 

0 62 

-0 340507 

-1 890861 

136 

4-0 668012 

-0 733743 

0 64 

-0 303222 

-1 838105 

1 38 

4-0 682466 

-0 711687 

0 66 

- 0 266965 

-1 788017 

140 

4-0 696481 

-0 689814 

0 68 

-0 231686 

-1 740338 

142 

4-0 610060 

-0 668116 

0 70 

-0 197337 

-1 694840 

144 

4-0 623207 

-0 646689 

0 72 

-0 163878J] 

-1 661320 

146 

+0 636925 

-0 626226 

0 74 

-0 131272 

-1 609599 

148 

4-0 648217 

-0 604021 
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Newmcmn Cylinder Funottont — continued 


X 

Yo(x) 

Yi(a-) 

X 

Yo(x) 

Yi(x) 

160 

+0 660086 

-0 682971 

2 6S 

+0 714906 

+0 397639 

1 62 

+0 671637 

-0 662070 

2 70 

+0 706843 

+0 408760 

1 54 

+0 682670 

-0 541317 

2 72 

+0 698657 

+0 419767 

1 66 

+0 693190 

-0 520706 

2 74 

+0 690054 

+0 430529 

1 58 

+0 703399 

-0 500237 

2 76 

+0 681338 

+0 441073 

1 60 

+0 713200 

-0 479906 

2 78 

+0 672413 

+0 461389 

1 62 

+0 722696 

-0 459710 

2 80 

+0 663284 

+0 461474 

1 64 

+0 731690 

-0 439660 

2 82 

+0 663956 

+0 471327 

1 66 

+0 740183 

-0 419723 

2 84 

+0 644432 

+0 480947 

1 68 

+0 748380 

~0 399929 

2 86 

+0 634719 

+0 490331 

1 70 

+0 756181 

~0 380266 

2 88 

+0 624821 

+0 499477 

1 72 

+0 763691 

-0 360734 

290 

+0 614742 

+0 608386 

1 74 

+0 770612 

-0 341333 

2 92 

+0 604487 

+0 617054 

1 76 

+0 777246 

-0 322063 

2 94 

+0 694061 

+0 526482 

1 78 

+0 783495 

-0 302924 

2 96 

+0 583469 

+0 533667 

1 80 

+0 789363 

-0 283916 

2 98 

+0 672716 

+0 641608 

182 

+0 794863 

-0 265040 

300 

+0 661806 

+0 649305 

1 84 

+0 799966 

~0 246297 

3 02 

+0 660745 

+0 556756 

186 

+0 804705 

-0 227687 

304 

+0 639638 

+0 563960 

1 88 

+0 809074 

-0 209212 

3 06 

+0 628189 

+0 670917 

190 

+0 813076 

~0 190874 

3 08 

+0 516703 

+0 677626 

192 

+0 816710 

-0 172672 

3 10 

+0 506085 

+0 684083 

194 

+0 819982 

-0 164608 

3 12 

+0 493341 

+0 690291 

196 

+0 822895 

-0 136685 

3 14 

+0 481476 

+0 696249 

198 

+0 826451 

-0 118904 

3 16 

+0 469493 

+0 601956 

200 

+0 827662 

-0 101266 

318 

+0 467399 

+0 607408 

2 02 

+0 829502 

-0 083773 

3 20 

+0 446198 

+0 612620 

204 

+0 831004 

~0 066427 

3 22 

+0 432896 

+0 617669 

2 06 

+0 832161 

-0 049231 

3 24 

+0 420498 

+0 622254 

2 08 

+0 832974 

~0 032186 

3 26 

+0 408008 

+0 626696 

210 

+0 833449 

-0 016294 

3 28 

+0 396431 

+0 630886 

2 12 

+0 833687 

+0 001443 

3 30 

+0 382774 

+0 634820 

214 

+0 833392 

+0 018022 

3 32 

+0 370040 

+0 638601 

2 16 

+0 832867 

+0 034441 

3 34 

+0 357236 

+0 641929 

2 18 

+0 832016 

+0 060698 

3 36 

+0 344365 

+0 645103 

2 20 

+0 830841 

+0 066791 

3 38 

+0 331433 

+0 648024 

2 22 

+0 829346 

+0 082717 

3 40 

+0 318446 

+0 650691 

2 24 

+0 827633 

+0 098473 

3 42 

+0 305407 

+0 663106 

2 26 

+0 826407 

+0 114058 

3 44 

+0 292323 

+0 656269 

2 28 

+0 822972 

+0 129470 

3 46 

+0 279198 

+0 657180 

2 30 

+0 820230 

+0 144705 

3 48 

+0 266038 

+0 668840 

2 32 

+0 817186 

+0 159762 

360 

+0 262846 

+0 660249 

2 34 

+0 813841 

+0 174637 

3 52 

+0 239629 

+0 661408 

2 36 

+0 810201 

+0 189329 

364 

+0 226392 

+0 662318 

2 38 

+0 806269 

+0 203836 

3 66 

+0 213138 

+0 662980 

2 40 

+0 802048 

+0 218164 

3 68 

+0 199874 

+0 663395 

2 42 

+0 797644 

+0 232281 

360 

+0 186604 

+0 663664 

2 44 

+0 792768 

+0 24621^6 

3 62 

+0 173333 

+0 663487 

2 46 

+0 787696 

+0 269964 

364 

+0 160066 

+0 663166 

2 48 

+0 782362 

+0 273496 

3 66 

+0 146808 

+0 662602 

2 60 

+0 776768 

+0 286837 

3 68 

! +0 133564 

+0 661797 

2 62 

+0 770889 

+0 299976 

3 70 

+0 120338 i 

+0 660762 

2 54 

+0 764760 

+0 312910 

3 72 

+0 107135 

+0 659468 

2 66 

+0 758374 

+0 326637 

1 3 74 

+0 093961 

+0 667947 

2 68 

+0 761736 

+0 338166 

3 76 

+0 080819 

+0 666190 

2 60 

+0 744860 

+0 360464 

3 78 

+0 067716 

+0 664199 

2 62 

1 +0 737719 

+0 362668 

3 80 

+0 064663 

+0 661976 

264 

+0 730349 

+0 374436 

3 82 

+0-041637 

+0 649623 1 

2 66 

1 +0 722743 

+0 386097 

384 

1 +0 028673 

+0 646841 1 
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tc 

Yo(«) 

Yi(*) 

3 86 

+0-016766 

+0 643933 

3 88 

+0 002917 

+0 640800 

390 

-0 009866 

+0 637444 

3 92 

-0 022679 

+0 633868 

3 94 

>0 035219 

+0 630073 

3 96 

-0 047781 

+0 626063 

3 98 

-0 060260 

+0 621839 

400 

-0 072663 

+0 617404 

4 02 

~0 084966 

+0 612760 

404 

-0 097162 

+0 607009 

4 06 

-0 109270 

+0 602866 

408 . 

-0 121276 

+0 697600 

410 

~0 133172 

+0 692146 

412 

-0 144969 

+0 686497 

414 

-0 166631 

+0 680666 

416 

-0 168184 

+0 674623 

418 

-0 179616 

+0 668403 

420 

-0 190919 

+0 562000 

4 22 

-0 202093 

+0 666416 

4 24 

-0 213134 

+0 648662 

4 26 

~0 224038 

+0 641716 

4 28 

-0 234802 

+0 634605 

4 30 

~0 246422 

+0 627327 

4 32 

-0 256894 

+0 519884 

4 34 

-0 266216 

+0 512279 

4 36 

-0 276384 

+0 604616 

4 38 

-0 286396 

+0 406606 

440 

-0 296247 

+0 488625 

4 42 

-0 306936 

+0 480306 

4 44 

-0 316468 

+0 471943 

4 46 

-0 324812 

+0 463438 

4 48 

-0 333996 

+0 464796 

460 

-0 343003 

+0 446018 

4 52 

-0 361834 

+0 437112 

454 

-0 360487 

+0 428078 

4 56 

-0 368957 

+0 418921 

4 58 

-0 377243 

+0 409646 

4 60 

~0 386342 

+0 400256 

4 62 

-0 393262 

+0 390763 

4 64 

-0 400971 

+0 381144 

4 66 

-0 408497 

+0 371430 

4 68 

-0 416828 

+0 361617 

4 70 

-0 422961 

+0 361708 

4 72 

-0 429896 

+0 341706 

4 74 

-0 436629 

+0 331617 

4 76 

-0 443160 

+0 321444 

4 78 

-0 449486 

+0 311191 

480 

~0 466607 

+0 300862 

4 82 

-0 461620 

+0 290461 

484 

-0 467226 

+0 279992 

4 86 

~0 472719 

+0 269459 

488 

-0 478003 

+0 268867 

490 

~0 483074 

+0 248219 

4 92 

-0 487931 

+0 237619 

494 

~0 492574 

+0 226772 

496 

-0 497002 

+0 216981 

498 

-0 601213 

+0 206161 

500 

--0 505208 

+0 194286 

5 02 

-0 508984 

+Q;8339a 


X 

YoW 

Tif®) 

5 04 

-0 612643 

+0 172467 

6 06 

-0 616883 

+0 161621 

6 08 

-0 619004 

+0 160666 

510 

-0 621906 

+0 139677 

512 

-0 624687 

+0 128687 

5 14 

-0 627048 

+0 117690 

616 

-0 529290 

+0 106691 

5 18 

-0 631312 

+0 096694 

5 20 

-0 ^33114 

+0 084602 

6 22 

-0 634696 

+0 073619 

524 

-0 636069 

+0 062660 

5 26 

-0 637202 

+0 061700 

5 28 

-0 638127 

+0 040771 

6 30 

-0 638833 

+0 029867 

5 32 

^0 639322 

+0 018994 

5 34 

-0 639693 

+0 008154 

5 36 

-0 639648 

-0 002650 

6 38 

-0 639488 

-0 013412 

640 

-0 639112 

-0 024128 

6 42 

~0 638623 

-0 034796 

5 44 

~0 637721 

-0 046411 

5 46 

-0 636707 

-0 056970 

5 48 

-0 636482 

-0 066468 

550 

-0 634048 

-0 076903 

5 52 

-0 632406 

-0 087270 

5 64 

-0 630668 

-0 097666 

6 66 

-0 628604 

-0 107786 

5 58 

-0 626247 

-0 117929 

560 

~0 623788 

-0 127990 

5 62 

-0 621128 

-0 137966 

6 64 

-0 618270 

-0 147862 

5 66 

-0 616216 

-0 167646 

6 68 

-0 611964 

-0 167346 

6 70 

-0 608621 

-0 176946 

6 72 

-0 604887 

-0 186443 

6 74 

-0 601064 

-0 195836 

6 76 

-0 497065 

-0 205120 

6 78 

-0 492861 

-0 214293 

6 80 

-0 488484 

-0 223360 

5 82 

-0 483927 

-0 232290 

684 

-0 479194 

-0 241110 

6 86 

-0 474284 

-0 249806 

5 88 

-0 469202 

-0 258375 

690 

-0 463949 

-0 266815 

5 92 

-0 468629 

-0 275123 

694 

-0 462945 

-0 283297 

5 96 

-0 447199 

-0 291333 

6 98 

-0 441293 

-0 299229 

600 

-0 436231 

-0 306982 

6 02 

-0 429016 

-0 314690 

604 

-0 422648 

-0 322061 

6 06 

-0 416134 

-0 329363 

6 08 

-0 409474 

-0 336622 

610 

-0 402674 

-0 343627 

612 

-0 396735 

-0 360376 

614 

-0 388660 

-0 367066 

616 

-0 381453 

—0 363595 

618 

-0 374117 

-0 369961 

Q20 

-0 366666 

-0 876164 
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Nemumn CyUnder Fumttom — continued 


X 

Yo(a) 

Yi(^) 

622 

-0 368072 

-0 382201 

624 

-0 351369 

-0 388069 

6 26 

-0 343550 

-0 393768 

628 

-0 335619 

-0 399296 

6 30 

-0 327679 

-0 404649 

6 32 

-0 319434 

-0 409828 

6 34 

-0 311187 

-0 414832 

6 36 

-0 302842 

-0 419657 

6 38 

-0 294402 

-0 424305 

640 

-0 286871 

-0 428773 

6 42 

-0 277253 

-0 433060 

644 

-0 268660 

-0 437166 

6 46 

-0 269767 

-0 441086 

6 48 

-0 250908 

-0 444824 

660 

-0 241976 

-0 448377 

6 52 

-0 232974 

-0 451743 

654 

-0 223907 

-0 464924 

6 56 

-0 214778 

-0 457917 

6 58 

-0 205692 

-0 460723 

660 

-0 196361 

-0 463340 

6 62 

-0 187059 

-0 466768 

664 

-0 177721 

-0 468008 

6 66 

-0 168340 

-0 470068 

6 68 

-0 168920 

-0 471918 

6 70 

-0 149466 

-0473689 

6-72 

-0 139978 

-0 476069 

6 74 

-0 130463 

-0 476360 

6 76 

-0 120925 

-0 477461 

6 78 

-0 111366 

-0 478372 

6 80 

-0 101791 

-0 479093 

6 82 

-0 092203 

-0 479626 

6 84 

-0 082607 

-0 479969 

6 86 

-0 073006 

-0 480123 

6 88 

-0 063403 

-0 480090 

690 

-0 063804 

-0 479868 

692 

-0 044211 

-0 479460 

694 

-0 034627 

-0 478865 

6 96 

-0 026067 

-0 478085 

6 98 

-0 016504 

-0 477120 

700 

-0 005973 

-0 476972 

7 02 

+0 003533 

-0 47464 U 

7-04 

+0 013011 

-0 473126 

7-06 

+0 022467 

-0 471431 

7 08 

+0 031867 

-0 469557 

710 

+0 041238 

-0 467604 

712 

+0 050666 

-0 466274 

714 

+0059848 

-0 462868 

716 

+0 069080 

-0 460288 

718 

+0 078268 

-0 467634 

720 

+0 087380 

-0 464609 

7 22 

+0 096442 

-0 461614 

724 

+0 106440 

-0 448250 

726 

+0 114371 

-0 444820 

7 28 

+0 123231 

-0 441226 

730 

+0 132018 

-0 437467 

7 32 

+0 140729 

-0 433548 

784 

+0 149369 

-0 429470 

786 

+0 167907 

-0 426234 

788 

+0 166368 

-0 420843 


X 

Y „(*) 

Yi («) 

740 

+0 174739 

-0 416299 

742 

+0 183019 

-0 411604 

744 

+0 191203 

-0 406760 

7 46 

+0 199288 

-0 401770 

7 48 

4 0 207272 

-0 396636 

760 

+0 216153 

-0 391369 

7 52 

+0 222926 

-0 386943 

754 

+0 230589 

-0 380390 

7 66 

+0 238140 

-0 374702 

7 58 1 

+0 246677 

-0 368882 

760 

+0 262896 

-0 362933 

7 62 

+0 260093 

-0 356867 

764 

+0 267168 

-0 350657 

7 66 

+0 274118 

-0 344336 

7 68 

+0 280941 

-0 337896 

7 70 

+0 287633 

-0 331339 

7 72 

+0 294193 

-0 324670 

7 74 

+0 300619 

-0 317890 

7 76 

+0 306909 

-0 311003 

7 78 

+0 313059 

-0 304012 

780 

+0 319068 

-0 296919 

7 82 

+0 324935 

-0 289727 

7 84 

+0 330667 

-0 282440 

7 86 

+0 336232 

-0 276061 

7 88 

+0 341659 

-0 267593 

790 

+0 346936 

-0 260038 

7 92 1 

+0 352060 

-0 262399 

7 94 1 

+0 367031 

-0 244681 

7 96 1 

+0 361846 

-0 236886 

7 98 , 

+0 366605 

-0 229018 

8 00 j 

+0 371007 

-0 221079 

8 02 1 

+0 376348 

-0 213073 

8-04 

+0 379529 

-0 205003 

806 

+0 383648 

-0 196873 

8 08 

+0 387404 

-0 188686 

810 

+0 391095 

-0 180445 

8 12 

1 +0 394621 

-0 172162 

814 

1 +0 397981 

-0 163812 

816 

1 +0 401173 

-0 166429 

818 

' +0 404198 

-0 147005 

820 

+0 407053 

-0 138643 

8 22 

1 +0 409739 

-0 130048 

8 24 

+0 412266 

-0 121622 

8 26 

, +0 414600 

-0 112969 

8 28 

+0 416773 

-0 104392 

830 

, +0 418776 

-0 095796 

8 32 

+0 420606 

-0 087181 

8 34 

+0 422262 

-0 078663 

8 36 

+0 423747 

-0 069914 

8 38 

+0 426059 

-0*061269 

840 

+0 426198 

-0 062621 

8 42 

+0 427164 

-0 043972 

844 

' +0 427957 

-0 036326 

8 46 

1 +0 428677 

-0 026687 

8 48 

+0 429024 

-0 018058 

860 

+0 4292 Q 9 

-0 009442 

8 62 

+0 429402 

-0 000843 

854 

+0 429383 

+0*007737 

8 66 

1 +0429093 

+0 016293 
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REPORTS ON THE STATE OP SCIENCE — 1914 
NiUTMmn Cylinder continued 


X 

Yo(») 

8 68 

+0 428682 

8 60 

+0 428100 

8 62 

+0 427349 

8 64 

+0 426428 

8 66 

+0 426340 

8 68 

+0 424084 

8 70 

+0 422662 ' 

8 72 

+0 421074 1 

8 74 

+0 419321 

8 76 

+0 417405 , 

8 78 

+0 415327 1 

8 80 . 

+0 413087 ! 

8 82 

+0 410687 1 

8 84 

+0 408129 1 

8 86 

+0 405413 1 

8 88 

+0 402542 

8 90 

+0 399516 1 

8 92 

+0 396338 ! 

8 94 

+0 393008 1 

8 96 

+0 389528 , 

8 98 

+0 386901 

900 

+0 382127 

9 02 

+0 378209 1 

9 04 

+0 374149 1 

9 06 

+0 369948 1 

9 08 

•4 0 366609 ' 

910 

+0 361133 

9 12 

+0 3 56523 1 

9 14 

+0 351781 

916 

+0 346908 

9 18 

+0 341907 

920 

+0 336780 

9 22 

+0 331530 

9 24 

4 0 326159 

9 26 

+0 320670 1 

9 28 

4 0 316064 

9 30 

+0 309344 

9 32 

+0 303513 

9 34 

+0 297673 

9 36 

+0 291627 

9 38 

+0 286377 

9 40 

+0 279126 

9 42 

4 0 272778 

9 44 

+0 266334 

9 46 

+0 269796 

9 48 

+0 263169 

950 

+0 246465 

9 52 

+0 239666 

9 64 

+0 232776 

9 66 

+0 226817 

9 68 

4 0 218783 

960 

+0 211675 

9 62 

+0 204498 

9 64 

+0 197264 

9 66 

+0 189947 

9 68 

+0 182678 

9 70 

+0 175152 

9 72 

+0 167671 

9 74 

+0 160139 



X 

+0 024823 

9 76 

+0 033324 

9 78 

+0 041792 

9 80 

+0 060223 

9 82 

+0 058616 

9 84 

+0 066964 

9 86 

+0 076268 

9 88 

+0 083524 

990 

+0 091728 

9 92 

+0 099876 

9 94 

+0 107966 

9 96 

+0 116996 

9 98 

+0 123962 

10 00 

+0 131860 

10 02 

+0 139689 

10 04 

4-0 147445 

10 06 

+0 165126 

10 08 

+0 162728 

10 10 

4 0 170249 

10 12 

+0 177686 

10 14 

+0 185036 

10 16 

+0 192297 

1018 

4 0 199465 

10 20 , 

+0 206539 

10 22 

+0 213517 

10 24 

+0 220394 

10 26 

4 0 227169 

10 28 

4-0 233840 

10 30 

+0 240404 

10 32 

+0 246858 

1 10 34 

+0 253201 

10 36 

+0 259430 

10 38 

+0 266544 

10 40 

+0 271539 

10 42 

+0 277414 

10 44 

+0 283167 

10 46 

+0 288795 

10 48 

-f 0 294297 

10 50 

4 0 299672 

10 52 

+0 304917 

10 54 

+0 310030 

10 56 

+0 315009 

10 58 

+0 319863 

10 60 

+0 324661 

10 62 

+0 329131 

10 64 ' 

+0 333661 

10 66 

+0 337850 

10 68 

+0 341996 

10 70 

+0 345999 

10 72 , 

+0 349856 

10 74 ‘ 

+0 363667 

10 76 , 

+0 367131 

10 78 1 

+0 360546 

10 80 1 

+0 363811 

10 82 1 

+0 366926 

10 84 

+0 369890 

10 86 , 

+0 372701 

10 88 1 

+0 375359 

10 90 1 

+0 377862 ll 

10 92 i 


Yo(aj) Y^{x) 

-fO 162568 +0 380212 

+0 144931 +0 382406 

H-0 137263 I 4-0 384446 
4-0*129666 I 40 386327 
+0121811 I +0 388063 
+0 114034 I +0 389622 
+0106227 ' +0 391034 

+0 Q98393 fO 392288 
+0 090536 I +0 393385 
+0 082659 I +0 394323 
+0 074764 I +0 395104 
+0 066856 , +0 395727 

+0 058936 1 +0 396193 

+0 051009 i-0 396500 

+0 043077 I +0 396650 
4 0 035144 ' +0 396643 

+0 027213 I 1-0 396479 
+0 019286 +0 396168 

+0 011367 +0 395681 

+0 003460 ' +0 395049 

-0 004434 +0 394262 

-0 012310 +0 393320 

-0 020165 +0 392224 

-0 027998 +0 390075 

-0 035804 +0 389674 

-0 043580 f 0 388021 
-0 051323 + 0 386318 

-0 059031 +0 384466 

-0 066701 +0 382464 

-0 074329 +0 380316 

-0 081912 +0 378020 

-0 089449 +0 376680 

-0 096935 +0 372996 

-0 104367 +0 370269 

-0 111744 +0 367400 

-0 119063 +0 364392 

-0 126319 +0 361245 

-0133511 +0 367961 

-0 140637 +0 354541 

-0 147692 +0 350987 

-0 154675 +0 347302 

-0 161683 +0 343486 

-0 168414 +0 339541 

-0 176164 +0 335469 

-0 181832 +0 331271 

-0 188414 +0 326950 

-0 194909 +0 322508 

-0 201314 +0 317947 

-0 207626 +0 313268 

-0 213844 +0 308474 

-0 219964 +0 303666 

-0 225985 +0 298547 

-0 231905 +0 293419 

-0 237722 +0 288186 

-0 243433 +0 282846 

-0 249035 +0 277405 

-0 264628 +0 271864 

-0269909 +0 266225 

-0 266176 +0 260491 
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Neumann Cylinder Functions — continued 


X 

Yo(^) 

YiW 



' YiM 

10 94 

~0 270328 

+0 254665 

12 12 

-0 312007 

' -0 155112 

10 96 

-0 275362 

+0 248748 

1214 

-0 328841 

-0 161460 

10 98 

-0 280277 

+0 242743 

12 16 

-0 325550 

-0 167733 

1100 

-0 285071 

+0 236653 

12 18 

-0 322133 

-0 173929 

1102 

-0 289743 

-f 0 230480 

12 20 

-0 318593 

-0 180046 

1104 

~0 294290 

4-0 224228 

12 22 

-0 314932 

-0 186082 

1106 

-0 298711 

4-0 217898 

12 24 

-0 31J150 

-0 192034 

1108 

- 0 303005 

4-0 211492 ! 

12 26 

-0 307251 

-0 197899 

11 10 

-0 307170 

+0 205014 

12 28 

-0 303235 

-0 203676 

11 12 

-0 311205 

j 0 198467 

12 30 

-0 299104 

-0 209364 

11 14 1 

-0 315109 

4-0 191853 

12 32 

-0 294861 

-0 214969 

11 16 1 

-0 318879 1 

4 0 185175 

12 34 

-0 290507 

-0 220460 

11 18 ‘ 

-0 322515 

4-0 178435 

12 36 

-0 286043 

-0 225864 

11 20 

-0 326016 

4 0 171637 ' 

12 38 

- 0 281471 

-0 231170 

1122 

-0 329380 

f-0 164783 • 

12 40 

-0 276797 

-0 236376 

11 24 

-0 332607 

1 0 157875 j 

12 42 

- 0 272018 

-0 241479 

11 26 

-0 335695 

4-0 150917 1 

12 44 

-0 267139 

-0 246478 

11 28 

-0 338643 

fO 141912 

12 46 

-0 262160 

-0 251372 

11 30 

-0 341451 

f-0 136862 

12 48 

-0 257084 

-0 256158 

11 32 

-0 344118 

+0 129771 

12 50 

-0 251914 

-0 260834 

11 34 

-0 346642 

4-0 122640 

12 52 

-0 246652 

-0 265399 

1136 

-0 349023 

4-0 115471 

12 54 

-0 241299 

-0 269851 

11 38 

-0 351261 

4 0 108271 

12 56 

—0 235859 

-0 274189 

11 40 

-0 353354 

} 0 101044 

12 58 

-0 230333 

-0 278412 

1142 

-0 355302 

4-0 093786 

12 60 

-0 224723 

-0 282517 

1144 

-0 357105 

{ 0 086504 

12 62 

-0 219032 

-0 286603 

1146 

-0 358762 

4-0 079200 

12 64 

-0 213263 

-0 290369 

1148 

-0 360273 

4-0 071878 

12 66 

-0 207418 

-0 294114 

1160 

-0 361637 

-f 0 064540 

12 68 

-0 201500 

-0 297737 

1152 

-0 362854 

-f 0 057189 

12 70 

- 0 195510 

-0 301235 

1164 

-0 363924 

f-0 049828 

12 72 

-0 189451 

-0 304608 

1 11 56 1 

-0 364847 

4 0 042460 

12 74 

0 183326 

-0 307855 

' 11 58 ; 

-0 365623 

4-0 035088 

12 76 

-0 177138 

-0 310974 

11 60 

-0 366251 

1 0 027715 

12 78 

-0 170888 

-0 313965 

j 11 62 

-0 366731 ; 

4-0 020344 

12 80 

-0 164580 

-0 316827 

11 64 

-0 367065 

4-0 012977 

12 82 i 

-0 158216 

-0 319558 

11 66 

-0 367251 ' 

4-0 005617 

12 84 

-0 151799 

-0 322158 

1168 

-0 367289 

-0 001732 

12 86 

i -0 145331 

-0 324626 

11 70 

-0 367181 

-0 009068 

12 88 

1 -0 138815 

-0 326961 

11 72 

-0 366927 

-0 016387 

12 90 

-0 132253 

-0 329163 

11 74 

-0 366526 

-0 023688 

12 92 

-0 125649 

-0 331231 

11 76 

-0 365979 

-0 030967 

12 94 

-0 119005 

-0 333163 

11 78 

-0 365288 

-0 038221 

12 96 

-0 112323 

-0 334960 

1180 

-0 364451 

-0 045447 

12 98 

-0 105607 

-0 336622 

11 82 

-0 363470 

-0 052643 

13 00 

-0 098859 

-0 338147 

' 1184 

-0 362345 

-0 059807 

13 02 

-0 092082 

-0 339536 

1186 

-0 361078 

-0 066935 

13 04 

-0 085279 

-0 340787 

11 88 

, -0 359668 

-0 074024 

13 06 

-0 078452 

-0 341901 

1190 

1 -0 358117 

-0 081071 

13 08 

-0 071604 

-0 342878 

11 92 

-0 356426 

-0 088075 

, 13 10 

-0 064738 

-0 343717 

1 11 94 

, -0 354595 

-0 095032 

13 12 

-0 057856 

-0 344418 

1 1196 

-0 352625 

-0 101939 

1 13 14 

-0 050962 

-0 344981 

1198 

-0 350517 

-0 108795 

' 13 16 

-0 044058 

-0 345406 

1200 

-0 348273 

-0 115596 

1318 

-0 037147 

-0 345694 

12 02 

-0 345894 

-0 122340 

13 20 

-0 030231 

-0 345843 

12 04 

-0 343380 

-0 129024 

13 22 

-0 023314 

-0 345855 

12 06 

-0 340733 

-0 135645 

13 24 

-0 016398 

-0 345729 

12 08 

-0 337955 

-0 142202 

13 26 

-0 009485 

-0 345466 

12 10 

-0 336046 

-0 148692 

13 28 

-0 002680 

-0 346067 


1914 G 
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BEPORTS ON THE STATE OP SOIBNOB — 1914 


Neumann Cylinder Funotxons — oontinued 


X 

Yo (^) 

Ti ( x ) 1 

X 

Yo(«) 

Yj ( x ) 

13 30 

+0 004316 

-0 344531 

14 42 

+0 299680 

-0 120889 

13 32 

+0011201 

-0 343868 

14 44 

+0 302216 

-0 123694 

13 34 

+0018070 

-0 343060 

14 46 

+0 304628 

-0 117469 

13 36 

+0 024922 

-0 342107 

14 48 

+0 306914 

-0 111186 

13 38 

+0 031763 

-0 341029 

14 60 

+0 309076 

-0 104876 

13 40 

+0 038662 

-0339817 

14 62 

+0 311109 

-0 098534 

13 42 

+0045345 

-0 338472 

14 64 

+0 313016 

-0 092161 

13 44 

+0 062100 

-0 336994 

14 56 

+0 314795 

-0 086760 

13 46 

+0 068824 

-0 336386 

14 58 

+0 316440 

-0 079334 

13 48 

+0 065515 

-0 333646 

14 60 

+0 317968 

-0 072886 

13 60 

+0 072169 

-0 331776 , 

14 62 

+0 319362 

-0 066417 

13 52 ' 

+0 078785 

-0 329776 

14 64 

4 0 320625 

-0 059931 

13 64 

+0 086359 

-0 327649 , 

14 66 

+0 321759 

-0 053429 

1356 

+0 091890 

-0 326396 , 

14 68 

+0 322762 

-0 046915 

13 68 

+0 098374 

-0 323014 

14 70 

+0 323635 

-0 040392 

13 60 

+0 104809 

-0 320508 

14 72 

+0 324378 

-0 033861 

13 62 

+0 111193 

-0 317879 

14 74 

+0 324990 

-0 027326 

13 64 

+0 117524 

-0 316127 

14 76 

+0 325471 

-0 020788 

13 66 

+0 123798 

-0 312264 

14 78 

+0 325821 

-0 014251 

13 68 

+0 130013 

-0 309261 

14 80 

+0 326041 

-0 007717 

13 70 

+0 136107 

-0 306160 ' 

14 82 

+0 326130 

-0 001189 

13 72 

+0 142258 

-0 302922 

14 84 

+0 326088 

+0 005330 

13 74 

+0 148283 

-0 299677 

14 86 

+0 325917 

+0 011839 

13 76 

+0 164241 

-0 296118 

14 88 

+0 325616 

+0 018334 

13 78 

+0 160128 

-0 292547 

14 90 

+0 325183 

+0024813 

13 80 

+0 165942 

-0 288865 ' 

14 92 

+0 324622 

+0 031274 

13 82 

+0 171681 

-0 285073 

14 94 

+0 323932 

+0 037714 

13 84 

+0 177344 

-0 281173 

j 14 96 

+0 323114 

+0 044130 

13 86 

+0 182928 

-0 277167 

' 14 98 

+0 322167 

+0 050519 

13 88 

+0 188430 

1 -0 273056 

15 00 

I +0 321093 

+0 056880 

13 90 

+0 193849 

1 -0 268843 

15 02 

+0 319893 

+0 063210 

13 92 

+0 199183 

, -0 264529 

15 04 

4 0 318566 

+0 069507 

13 94 

+0 204430 

, -0 260116 

15 06 

+0 317113 

+0 075767 

13 96 

+0 209587 

-0 255606 ^ 

15 08 

+0 315535 

+0 081989 

13 98 

+0 214653 

-0 251001 

15 10 

' +0 313833 

+0 088171 

14 00 

+0 219627 

-0 246303 

15 12 

+0 312008 

+0 094309 

14 02 

+0 224505 

-0 241613 

15 14 

, +0 310061 

+0 100401 

1404 

+0 229286 

-0 236634 

15 10 

+0 307993 

+0 106445 

14 06 

+0 233969 

-0 231668 

15 18 

+0 305804 

+0 112439 

14 08 

+0 238553 

^ 0 226617 

15 20 

+0 303496 

+0 118380 

14 10 

+0 243034 

-0 221483 

- 15 22 

+0 301069 

+0 124266 

14 12 

+0 247411 1 

-0 216268 

1 15 24 

+0 298525 

+0 130095 

14 14 

+0 251684 

-0 210976 

1 15 20 

+0 296865 

+0 135865 

14 16 

+0 255850 

-0 205605 

15 28 

+0 293091 

+0 141573 

14 18 

+0 269908 

-0 200161 

15 30 

+0 290203 

+0 147217 

14 20 

+0 263856 

-0 194646 

15 32 

+0 287203 

+0 162796 

14 22 

+0 267693 

-0 189059 , 

15 34 

+0 284092 

+0 168306 

14 24 

+0 271418 

-0 183406 1 

15 30 

+0 280871 

+0 163746 

14 26 

+0 276029 

-0 177688 

15 38 

+0 277542 j 

+0 169113 

14 28 

+0 278525 

-0 171907 i 

15 40 

+0 274107 ! 

+0174406 

14 30 

+0 281905 

-0 166066 

15 42 

+0 270667 

+0 179624 

14 32 

+0 286167 

-0 160167 

15 44 

+0 266923 

+0 184763 

14 34 

+0 288311 

-0 164213 

15 46 

+0 263177 

+0 189822 

14 36 

+0 291335 

-0 148206 

15 48 

+0 269330 

+0 194799 

14 38 

14 40 

+0 294239 
+0 297021 

-0142147 
-0 136041 

16 60 

+0 266386 

j 

+0 199691 
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The Neumann Q Functions 


The Neumann Functions G„(aj) of order greater than unity are of 
frequent occurrence in physical problems, such as the diffraction of light, 
pressure of radiation, See Tables of the functions have been found from 
those of Go(aj) and Gi(a5) by (a) direct calculation and (6) logantbmic 
computation from the recurrence formula 

^ 0„(») - G„_,(x) 

X 

and verified in the case when x is an integer by the relation 
Jn(») 6„(a:) = ^ 

X 


The Bessel Functions J„{x) for positive integral values of n and x have 
been given by Meissel for a; = 1 to a; == 24 

The Tables may be used to calculate G„(aj) foi other values of the 
argument x by employing the following formula 

G„(a: + A) = G„(a!) + * 



n (n — 1) 




+ 


Tables of the Neumann Functions G„(a:) 



x= 01 

0 2 

08 

' 04 

0 '5 

n = 0 

1 

2 

+ 2 40998 
+ 10 14670 

+ 1 69820 
+5 22105 

+ 1 26806 
+3 60200 

4 0 95194 
+2 79739 

1 

+0 69826 
+2 31138 
+8 64729 


G„(x) 

x= 0 6 

07 

08 

j 09 

10 

n ~ 0 

1 

2 

3 ! 

+0 48461 
+ 1 97982 
+ 6 11479 

+0 29950 
+ 1 73298 
+4 65188 

+0 13635 
+ 1 63647 
+3 70481 

-0 00884 
+ 1 37150 
+3 05663 

-0 13863 
+ 122713 
+2 69289 
+9 14442 



j ar=- 11 

12 

18 

1 

15 

n = 0 

, -0 26473 

-0 35827 

-0 46009 

-0 53076 

-0 60076 

1 

+ 109660 

+0 97568 1 

+0 86161 

+0 75264 ' 

+0 64765 

2 

+2 24866 

+ 1 98440 

+ 1 77665 

+ 1 60597 

+ 146429 

3 

1 +7 07994 

+ 5 63900 ‘ 

+4 60192 

+3 83584 j 

+3 25711 

1 


G-W 

ic= 16 

1 7 

18 

19 

20 

n s=- 0 

-0 66041 , 

-0 71004 

-0 74995 

-0 78040 

-0 80170 

1 

+0 64697 1 

+0 44726 

+0 35133 

+0 25826 

+0 16813 

2 

+ 134287 ; 

+ 1 23622 

+ 1 14032 

+ 105224 1 

+0 96982 

3 

+2 81121 1 

+2 46149 

+2 18271 

+ 196700 ! 

1 +177162 

4 

+9 19916 

+7 46141 

+6 13637 

+6 12776 1 

1 +4 34473 
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Tables of the Neumann Functions G^(a;) — continued 


Qn{x) 

x= 2 1 

22 

28 

-0 81379 
-0 08212 
+0 74238 
+ 1 37322 

1 2 83993 
+ 8 50480 

24 

-0 80176 
-0 15785 
+0 67022 
+ 1 27488 
+2 51698 
+ 7 11504 

25 

n *= 0 

1 

2 

3 

4 

5 

-0 81413 
+0 08118 
+0 89144 
+ 161681 
} 3 72802 

-0 81805 
-0 00234 
+0 81592 
+ 148583 
f 3 23634 

-0 78237 
-0 22921 
+0 59900 
+ 1 18761 
+2 25126 
f 6 01643 

Gn(j-) 

X— 2 6 

27 

28 

29 

80 1 

n -4) 

-0 75607 

-0 72336 

-0 68474 

-0 64075 

-0 59195 

1 

-0 29588 

-0 35756 

-0 41398 

-0 46480 

-0 51000 

2 

+0 52847 

+0 45849 

+0 38904 

f-0 32015 

+0 25196 

3 

1 +1 10891 

+ 103682 

1 -f 0 96974 

1 +0 90645 

, +0 84594 

4 

1 2 03050 

} 1 84554 

, +1 68899 

' hi 55526 

1 hi 43992 

5 

+ 5 13897 

-f 4 43145 

-1 3 85593 

1 h 3 38393 

1 -1 2 99385 

6 





1 h 8 53959 

1 G«(a') 

x=- 81 

82 

88 

84 

85 

n « 0 

-0 53894 

-0 48232 

~0 42269 

-0 36068 

-0 29692 

1 

-0 54920 

-0 58231 

-0 60924 

-0 62991 

-0 64432 

2 

+0 18462 

I 0 11837 

+0 05345 

-0 00986 

-0 07127 

3 

+0 78742 

+0 73028 

+0 67403 

+0 61832 

hO 56287 

4 

+ 1 33942 

+ 1 25090 

+ 1 17206 

+ 1 10100 

+ 1 03619 

5 

+2 66914 

+2 39697 

+2 16732 

+ 1 97228 

+ 1 80557 

6 

+ 7 27071 

+ 6 23963 

+5 39557 

+4 69982 

+4 12257 


, Gtnix) 

i n - 0 
1 
2 

3 

4 

5 

6 
7 


= 86 

-0 23202 
-0 65250 
~0 13048 
+0 50752 
-f 0 97635 
+ 1 66214 
+3 64070 


37 

~0 16662 
-0 65451 
-0 18717 
+ 0 45217 
+0 92041 
+ 1 53791 
+3 23611 
+8 95757 


88 


-0 10132 
, -0 65049 
-0 24104 
-f 0 39670 
+0 86751 
+ 1 42957 
I +2 89452 
I +7 71102 


8 9 


-0 03672 
-0 64000 
-0 29180 
+0 34133 
+0 81691 
+ 1 33439 
+2 60460 
+6 67976 


40 


hO 02661 
-0 62506 I 
-0 33914 
f-0 28592 
+0 76802 
+ 1 25012 
+2 35728 
+ 5 82172 


Qnix) 

X- il j 

42 

n « 0 

+0 08811 

+0 14726 

1 

-0 60412 

-0 67807 

2 

1 -0 38281 

-0 42254 

3 

' +0 23065 

+0 17566 

4 

+0 72034 

+0 67348 

5 

+1 17490 

+ 1 10716 

6 

; +2 14526 

+ 1 96260 

7 

' +6 10391 

-1 4 50029 

8 

1 

— 


48 

44 

45 

+0 20357 

+0 26657 

hO 30584 

-0 54726 

-0 51203 

-0 47281 

-0 45811 

-0 48931 

-0 51598 

+0 12111 

+0 06721 1 

1 +0 01416 

+0 62710 

+0 68095 

+0 63486 

+ 1 04558 

+0 98908 1 

+0 93670 

+ 1 80449 

+ 1 66694 

+ 1 64669 

+3 99020 

+3 66714 

+3 18781 


+9 66122 

+8 37096 
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Tables of the Neumann Functions continued 


a„(a) 1 

a?= 46 1 

47 

48 

49 

50 

n == 0 

+0 36101 

+0 39174 

1-0 42773 

+0 45876 

+0 48462 

1 

-0 43000 

-0 38406 

-0 33547 

-0 28470 

-0 23226 

2 

-0 53797 

-0 55517 

-0 56751 

-0 57496 

-0 57752 

3 

-0 03780 I 

-0 08842 

-0 13746 

-0 18466 

-0 22976 

4 

+0 48866 

+0 44229 

+0 39569 

+0 34885 

+0 30182 

5 

+0 88765 

+0 84125 1 

+0 79694 

+0 75421 

+0 71266 

6 

+ 144101 

+ 1 34761 

+ 1 26460 

-f 1 19036 1 

+ 1 12351 

7 

+2 87160 1 

+2 59946 1 

+2 36457 

+2 16095 

+ 1 98376 

8 

1 7 29834 

+ 6 39546 1 

+5 63205 

+4 98377 

+4 43101 

G„(^) 

*c= 61 

52 


5 4 1 

55 

n 0 

+0 50517 

+0 52033 

+0 53005 

+0 53433 ' 

+0 53325 

1 

-0 17866 

-0 12439 

-0 06998 

-0 01591 

+0 03732 

2 

-0 57523 

-0 56817 

-0 55645 

-0 54023 

-0 51968 

3 

-0 27251 

-0 31266 

-0 34999 

-0 38426 

-0 41527 

4 

+0 26464 

+0 20741 

1 0 16024 

+011327 

+0 06666 i 

5 

1 0 67194 

-i 0 63175 

f 0 59186 

-1 0 55207 

+0 51223 

6 

+ 1 06289 

+ 100750 

+0 95647 

+0 90908 

+0 86467 

7 

+ 1 82897 

+ 1 69324 

1-1 57374 

+ 146811 

+ 1 37432 

8 

H 3 95783 

+3 55123 

+3 20058 

+2 89712 , 

+2 63361 

9 

~ 

+9 23362 

+8 08839 

+ 7 11596 ‘ 

+6 28707 

Gn(x) 

j 56 I 

* 57 

58 

59 

60 1 

n = 0 

+0 62691 

f 0 51547 

+0 49911 

-1 0 47810 

+0 45270 1 

1 

-1 0 08923 

H 0 13937 

j-0 18729 

j 0 23260 

+0 27491 ' 

2 

' -0 49505 

-0 46657 

-0 43453 

0 39925 ' 

-0 36106 

3 

-0 44283 

-0 46678 

-0 48697 

-0 50328 

-0 51561 

4 

i 0 02058 

-0 02478 

-0 06921 

- 0 11256 ^ 

-0 15455 

5 

+0 47224 

+0 43200 

+0 39148 

+0 35066 1 

fO 30954 

b 

+ 0 82270 

1 0 78268 

fO 74419 

1 0 70689 

+0 67046 

7 

' -1 1 29069 

4 1 21574 

-1 1 14823 

-i 1 08709 

+ 103137 

8 

1 2 40402 

+ 2 20335 

1 2 02740 

1 1 87264 

+ 1 73607 

9 


1 4 96911 

-} 4 44461 

1 } 3 99125 

+3 59816 1 

10 

1 f o 57794 




+ 9 05841 

Gn{x) 

j x= 6 5 

1 70 

1 

1 80 

85 

n — 0 

1 +0 27213 

+0 04076 

-0 18428 

, -0 35111 

-0 42444 

1 

+ 0 43054 

1 +0 47543 

+0 40704 

' +0 24828 

+0 04111 

2 

-0 13965 

+0 09507 

i 0 29282 

I -4 0 41318 

+0 43411 1 

3 

-0 51648 

, -0 42110 

-0 25087 

' -0 04169 

+0 16318 

4 

-0 33710 

1 -0 45602 

-0 49351 

' -0 44445 

- 0 31892 

5 

+0 10159 

1 -0 10006 

-0 27555 

, -0 40275 

-0 46334 1 

b 

+0 49339 

1 f 0 31307 

+0 12612 

-0 05900 

-0 22619 , 

7 

+0 80929 

1 +0 63676 

1 0 47734 

+0 31426 

+0 14402 

8 

, +1 24969 

1 +0 96044 

-I 0 76491 

+0 60895 

+0 46340 

9 

+2 26687 

i +155854 

+ 1 15447 

+0 90364 

+0 72826 

10 

+ 5 02780 

4 3 04723 

1-2 00582 

1 +142424 

+ 1 07879 

11 

— 

+7 14782 

+4 19437 

+2 65697 

+ 1 81008 

12 

1 — 

— 

— 

1 +5 88241 

+3 60612 

13 

1 

— 

1 

1 — 

+8 37191 
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TahUs of the NetiAnann Functions G„(a;)— continued 


G«(aj) 

a;» 90 

96 

10 0 

10 5 

no 

n = 0 

~0 392()0 

-0 26894 

-0 08746 

+0 10608 

+0 26622 

1 

-0 16386 

-0 31916 

-0 39116 

-0 36710 

-0 26715 

2 

-fO 36619 

+0 20176 

+0 00922 

-0 17600 

-0 31198 

3 

+032216 

+0 40410 

+0 39484 

+0 30005 

+0 14370 

4 

-0 14141 

+0 06347 

+0 22769 

+0 34746 

+0 39036 

5 

-0 44786 

-0 36907 

-0 21269 

-0 03632 

+0 14020 

6 

-0 36621 

-0 43144 

-0 44038 

-0 38110 

-0 26291 

7 

-0 02709 

-0 18591 

-0 31676 

-0 40022 

-0 42701 

8 

H-0 31408 

+0 16747 

-0 00169 

-0 16263 

-0 28069 

9 

-fO 68544 

+0 46112 

+0 31306 

+0 16780 

+0 01893 

10 

+0 86681 

+0 69729 

+066610 

+0 44018 

+0 31153 

U 

+131869 

+1 01686 

+0 81733 

+0 67064 

+0 64749 

12 

+2 36640 

+1 66763 

+1 23293 

+0 96497 

+0 78344 

13 

'•+4 99180 

+317058 

+2 14171 

+ 1 63501 

+ 1 16185 

Gn(aj) 

»= IIB ' 

' 12 0 1 

12 5 

18 0 

18 u 

n = 0 

+0 35379 

1 +0 36380 

+0 26894 

+0 12285 

-0 04724 

1 

-0 09102 

+0 08969 1 

+0 24165 

+0 33000 

+0 33619 

2 

-0 36962 

-0 33885 

-0 23028 

-0 07208 

+0 09705 

3 

-0 03766 

-0 20264 

-0 31634 

-0 36217 

-0 30743 

4 

+0 36003 

+0 23763 

+0 07892 

-0 09046 

-0 23369 

5 

+0 28106 

+0 36100 

+0 36684 

+0 29661 

+0 16896 

6 

-0 10564 

+0 06330 

+0 2137b 

! +0 31864 

+0 36883 

7 

1-0 39128 

-0 29770 

-0 16064 

' -0 00247 

+0 16001 

8 

-0 37070 

-0 41061 

-0 39367 

-0 32120 

-0 20326 

9 

-0 12448 

-0 24979 

-0 34326 

-0 39285 

-0 39092 

10 

1 +0 17587 

+0 03693 

-0 10063 

-0 22275 

-0 31796 

11 

+0 43034 

+0 30968 

+0 18226 

+0 06016 

-0 08013 

12 

+0 64738 

+0 63181 

+0 42140 

+0 30763 

1 +0 18737 

13 

+0 92073 

+0 76394 

+0 62684 

+0 61778 

+0 41324 


G (x) 

aj- 140 

14 6 

15 0 

15 5 

16 0 

» = 0 

-0 19979 

-0 29893 

-0 32274 

-0 26806 

-0 16060 

1 

+0 26177 

+0 12730 

-0 03310 

-0 18031 

-0 27956 

2 

+0 23719 

+0 31648 

+0 31833 

+0 24478 

+0 11565 

3 

-0 19400 

-0 03999 

+0 11799 

+0 24348 

+0 30846 

4 

-0 32033 

-0 33303 

-0 27113 

-0 16053 

+0 00012 

5 

+0 01095 

-0 14376 

-0 26269 

-0 32117 

-0 30839 

6 

+0 32815 

, +0 23390 

+0 09607 

-0 05667 

-0 19286 

7 

+0 27032 

+0 33732 

+0 33945 

+0 27730 

+0 16375 

8 

-0 06783 

+009179 

+0 22076 

+0 30713 

+0 33614 

9 

-0 33641 

-0 23603 

-0 10398 

+0 03976 

+0 17239 

10 

-0 37470 

-0 38480 

-0 34663 

-0 26098 

-0 14220 

11 

-0 19887 

-0 29472 

-0 36672 

-0 37649 

-0 36014 

12 

+0 06218 

-0 06237 

-0 17766 

-0 27340 

-0 33926 

13 

+0 30548 

+019149 

+0 07246 

-004683 

-0 16873 
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Bestd Funelvm of HeAf-tntegrd Order 
The solution of the equation 

being taken in the symbolioal form 

yields as standard functions of real quantities 

.1th (“iX)' V =C'(*)-*3.(*) 

as an important associated function 

The functions (E„ (a;) =r (S, (r) + (C„ (r) )® 

(E„'(j-))^ = (.S/{x))H- (C„'(a:)r 

aic of impoiUnce, and have been tabulated with S„ (r), C„(a:), and their 
derivatives S,/ (x), C«' (x) 

The connection with Bessel Functions is apparent fiom the differential 
equation giving 

S„(x)= v/^irx J„ , I (x) 

W ~ ( — 1)VJ w(t) (r) 

Fiom tlie differential equation we obtain 

s;(x) = ”±Is„(x)-s„,.(x) 

X 

s;(x) = s„ ,(x)-?s„(x) 

X 

with corresponding formulae foi C„' (x), E„' (x) 

By elimination of S, ' (x), we get the recniience formula 

S„,,(x) = ?” + 1s„(x)-8„_,(t) 



<ia>cn4^ooit®H-o s 
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RFPORTS ON THE STATE OP SCIENCE — 1914 


Bessel Fttnciums of Half integral Order 


Sn(l) 

C41) 



n 

8414710 

5403023 



10 

0 

3011687 

1 1817733 



20 

1 

0620351 

605018 



13 0 

2 

009006() 

IG 04331 



277 0 

3 

0010110 

112 8982 





0000926 

999 4403 





0000072 

10880 95 





0000005 

140452 8 






n 

0 

1 

2 

3 


n 

0 

1 

2 

3 

4 



C '(1) 


M 

5403023 

~ 8414710 

10 

0 

5403023 

- 8414710 

1 0 

1 

1770986 

-5 828262 

34 0 

2 

0350153 

-46 32493 

2146 0 

3 

0049625 

-434 9494 



0005482 

-4884 304 



0000496 

-64286 23 



0000038 

-972289 0 

_ 


Log [S,.(1)J 

Log [Gn(l)j 

Log fE„(l)]’ 

n 

1 9250301 

i 7326368 

0000000 

0 

i 4788098 

1404368 

3010300 

1 

2 7926371 

5560074 

1 1139434 

2 

"l 0545600 

1 2212399 i 

2 4424798 

3 

3 0047580 

2 0526869 | 

— - -- 

— 

Log {Sn\l)] 

Log rc«'(i)] 

Log [P ,/(!)] 

n 

1 7326368 

I 9250391 

0000000 

0 

i 7326368 

1 9250391 

0000000 

1 

i 2482150 

7655390 

1 5314789 

2 

2 5442579 

1 6658147 

3 3316207 

3 

3 6957021 

2 63S4387 





Sh(2) 

Ci/2) 


n 

0 

9092974 

- 4161468 

1000000 

0 

1 

8707955 

7012240 

1 250000 

1 

2 

3968959 

1 4679828 

i 312500 

2 

3 

1214442 

2 968733 

8 828125 

3 

4 

0281588 

8 922583 

79 61328 

4 

5 

0062703 

37 18289 

1382 567 

6 

6 

0008281 

195 6833 ! 



7 

0001122 

1234 109 



8 

0000134 

9060 232 



9 

0000014 

76777 86 



10 

0000001 

710829 4 


1 
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Bessel Functions of Half integral 0? der — continued 


” 1 

Sn'(2) 

Ch'(2) 

[E»'(2)]=' 

' n 

^ 1 

- 4161468 

- 9092974 1 

1 0000000 

0 

1 ! 

4738997 

- 7667588 , 

8126000 

, 1 

2 

4738997 

- 7667588 ' 

8125000 

' 2 

3 

2147296 

-2 985117 1 

8 957031 

1 3 

4 

0651266 

-14 87643 

221 3125 

! 4 

5 

0149829 

-84 03464 1 

7001 821 

1 5 

G 

0027861 

-549 5671 ' 



7 

0004364 

-4123 797 


I 

8 

0000687 

-35006 82 



9 

0000070 

- 331940 1 



10 

0000007 

- 1478369 




Log [F„(2;] I n 

0000000 ' 0 

0909100 ' 1 

3640817 2 

9458684 3 

1 9009855 4 

3 1406862 5 


Log [IniW I 

0000000 
1 9098234 

1 9098234 
9521642 

2 3450059 

3 8489167 


n 

Sn(8) 

C»(8) 

[E..(8)]^ 

71 

0 

1411200 

- 9899925 

1 0000000 

0 

1 

1 0370325 

- 1888776 

1 1111111 

1 

2 

8969125 

8011150 

1 4444444 

2 

3 

4661660 

1 5240692 

2 530864 

3 

4 

1684491 

2 755046 

7 618656 

4 

5 

0491924 

6 741070 

46 44444 

5 

6 

0119231 

21 96221 

482 3389 

6 

7 

0024745 

88 42851 



8 

0004496 

420 1803 



9 

0000726 

2292 593 



10 

0000106 

14099 68 



11 

0000014 

96404 46 



12 

0000002 

i 

1 726001 2 

... . . 



n 

0 

1 

2 

1 

4 

5 



T^og [S,.(2)l 

_ _ 

Log [C„(2)] 

0 

1 9687060 

i 6102466 

1 

1 9399162 

i 8458568 

2 

i 5986767 

1667210 

3 

1 0843767 

4725711 

4 

2 44961 19 

9504906 


3 7218386 

1 5703431 


19180733 

2 2913318 

71 

1 T^og [S,'(2)] 

, liOg [C,/(2)] 

0 

1 i 6192466 

1 9587060 

1 

1 i 6756864 | 

1 8846588 

2 

1 6756864 j 

i 8846588 

i 

i 3318919 1 

474961 1 

4 

2 8137685 1 

1 1724988 

5 ' 

2 1755970 

1 9244583 

() 

3 4449957 

2 7400207 
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REPORTS ON THE STATE OP SCIENCE — 1914 


Besiel Funct%<m of Half inUgral Ofd^>^ontinued 


n 

Sn'(8) 

Cn'(8) 

[B»'(8)? 

n 

0 

- 9899926 

- 1411200 

10000000 

0 

1 

- 2046676 

- 9270333 

9012346 

1 

2 

4397676 

~ 7229642 

7160494 

2 

3 

4397676 

- 7229542 

7160404 

3 

4 

2316661 

—2 149326 

4 673220 

4 

5 

0864617 

-8 480070 

71 91907 

5 

6 

0263460 

-37 18336 

1382 602 

1 6 

7 

0061492 

-184 3710 



8 

0012769 

-1032 052 



9 

0002316 

-6457 600 



10 

0000374 

-44706 00 



11 . 

0000064 

-339383 4 



12 

0000007 

-2803600 




n 

Log [S«(8)] 

Log [C„(9)] 

Log [En(3)]* 

n 

1 

0 

I 1496886 

i 9956319 

0000000 

0 

1 

0167924 

1 2761801 

0467574 

1 

2 

f 9522666 

1 9036949 

1697008 

2 

3 

1 6591126 

1830046 

4032688 

3 

4 

i 2264687 

4401289 

8818784 

4 

5 

2 6918984 

8287288 

1 6674808 

6 

6 

2 0763909 

1 3416761 

2 6833523 

6 

7 

i 3934926 

1 9466923 




n 

Log [Sn'(S)l 

Log rCn'(8)] 

Log (E„'(3)]’ 

n 

0 

1 9966319 

i 1496886 

0000000 

0 

1 

i 3108156 

i 9670964 

I 9648378 

1 

2 

1 6432133 

i 8591108 

i 8549430 

2 

3 

1 6432133 

1 8691108 

i 8649430 

3 

4 

i 3646663 

3323022 

6696163 

4 

6 

2 9368240 

9283996 

1 8668440 

6 

6 

2 4039119 

1 6703486 

3 1406973 

6 

7 

3 7888217 

2 2666927 




n 

S,.(4) 

1 C,.(4) 

[E»(4)l* 

n 

0 

- 7568026 

1 - 6636436 

10000000 

0 

1 

4644430 

' - 9202134 

10626000 

1 

2 

1 1061347 

- 0366164 

1 2226662 

2 

3 

9169764 

8745679 

1 6067129 

3 

4 

4996723 

* 1 5670102 

2 706093 

4 

6 

2070622 

2 661206] 

7 071763 

5 

6 

0698487 

1 6 7238037 

32 76681 

6 

7 

0199460 

1 16 96116 

264 4398 

7 

8 

0049490 

' 64 09304 

2926 056 

8 

9 

001<0870 

213 9442 



10 

0002144 

1 962 1421 



11 

0000384 

1 4837 302 



12 

0000063 

' 26862 34 



13 

•0000009 

1 162989 8 



14 

•0000001 

1073329 1 
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Besad Fimetiona of Half %nt»gral 0(i«r— contmued 


n 

S»'(4) 

C»'(4) 

[B»'(4)]* 

n 

0 

~ 6536436 

+ 7568025 

10000000 

0 

1 

~ 8729132 

~ 4235903 

9414062 

1 

2 

~ 0881244 

- 9019552 

8212891 

2 

3 

4174032 

- 6924423 

6537018 

3 

4 

4174032 

- 6924423 

6537018 

4 

5 

2407446 

-1 746996 

3 109954 

5 

b 

1022891 

-5 934501 

35 22876 

6 

7 

0349431 

-22 19072 

492 4293 

7 

8 

0100481 

-92 23491 

8507 279 

8 

9 

0025032 

-427 2815 



10 

0005511 

-2191 411 



11 

0001088 

-12340 44 



12 

0000195 

-75719 73 



13 

0000032 

-502864 7 



14 

0000005 

-3593662 




n 

Log [S44)] 

Log [Cn(4)] 

Log [E«(4)V 

n 

0 

1 8789825 

i 8153410 

0000000 

0 

1 

1 6669324 

1 9638885 

0263289 

1 

2 

0 0434153 

2 5624884 

0873043 

2 

J 

1 9623577 

i 9417935 

2056678 

3 

4 

i 6985983 

0 1950719 

4321823 

4 

5 

1 3161007 

4234433 

8495276 

5 

6 

2 8441582 

7576848 

1 5154341 

b 

7 

2 2998566 

1 2027922 

2 4055851 

7 

8 

3 6945133 

1 7331414 

3 4662827 

8 

9 

3 0362346 

2 3303006 




n 

Log [S„(4)] 

Log [Ch'(4)] 

Log [(E,'(4)]' 

n 

0 

f 8153410 

1 8789825 

0 0000000 

0 

1 

1 9409711 

f 6269460 

1 9737771 

1 

2 

2 9450960 

1 9551850 

1 9144960 

2 

3 

1 6205557 

I 8403836 

1 8153797 

3 

4 

1 6205557 

i 8403836 

1 8153797 

4 

5 

13815565 

2422918 

4927540 

5 

b 

10098296 

7733841 

1 5468972 

6 

7 

2 5433616 

1 3461714 

2 6923439 

7 

8 

2 0020852 

19648953 

3 9297907 

8 

9 

3 3984910 

2 6307141 
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BEPOBTS ON THE STATE OP SCIENCE — 1914 


Bessel Functtons of Half integral Order — continued 


n 

Sn(6) 

C«(6) 

[E»(6)? 

0 

- 9589243 

2836622 | 

10000000 

1 

- 4754470 

- 9021918 

10400000 

2 

6736561 

~ 8249773 

1 1344000 

3 

1 1491031 

0772145 

1 3263999 

4 

9350883 

9330777 

1 7450241 

5 

5340558 

1 6023252 

2 852662 

b 

2398345 

2 592038 

6 776181 

7 

0895139 

5 136973 

26 39650 

8 

0287072 

12 81888 

164 3244 

9 

0080905 

38 44722 


10 

0020367 

133 2806 


11 ' 

0004637 

521 3312 


12 

0000964 

2264 843 


13 

0000185 

10802 88 


14 

0000033 

56071 73 


15 

0000005 

314413 1 


16 

0000001 

1893290 


71 

1 S,A6) 

Cn'(5) ' 

[E'(5n)? 

0 

' 2836622 

9589243 

1 0000000 

1 

- 8638349 

4641006 

9616000 

2 

1 - 7449095 

- 5722009 

8823040 

3 

~ 0158058 

8713060 

7594240 

4 

4010325 

-> 6692476 

6087194 

5 

4010325 

- 6692476 

6087194 

6 

2462544 

-1 5081202 

2 335068 

7 

1145151 

-4 599725 

1 21 17059 

8 

0435824 

-15 37324 

236 3383 

9 

0141443 

-56 38612 


10 

0040171 

-228 1139 


11 

0010165 

-1013 648 


12 

0002323 

-4912 292 


13 

0000484 

-25823 65 


14 

0000093 

-146197 9 


15 

0000017 

-887167 7 


16 

f 

0000003 

-5744114 



71 


71 

Log [Sn(6)] 

Log [Cn(5)] 

Log [B„(6)]^ 

1 

71 

0 

19817843 

l"4528015 

0000000 

0 , 

1 

16771021 

1 9552989 

0170333 

1 

2 

1 8284378 

1 9164420 

0547662 

2 

3 

0603589 

2 8876992 

1226745 

3 

4 

f 9708527 

1 9699178 

2418014 

4 

5 

1 7275867 

2047506 

4552503 

5 

6 

13799116 

4136413 

8309850 

6 

7 

2 9518904 

7107073 

L 4215464 

7 

8 

2 4579904 

1 1078501 

2 2157021 

i ^ 

9 

3 9079754 

1 5848650 



10 

3 3089316 

2 1247668 

1 




00 ^ Od Ot W feO i-> O S 00 O Cl CO td H-I o 



ON THE CALCULATION OF MATHEMATICAL TABLES 93 


Seisel Functions of Half integral continued 


n 

Log [Sn'(5)l 

Log [Cn'(6)] 

Log [Eh'(6)]2 

n 

0 

1 4628015 

f 981 7843 

0000000 

0 

1 

1 9364307 

1 6666121 

I 9829945 

1 

2 

1 8721035 

i 7575486 

1 9456183 

2 

3 

2 1988166 

f 9401 707 

1 8804846 

3 

4 

1 f 6031796 

1 8255868 

1 7844172 

4 

5 

1 6031796 

1 1 8255868 | 

1 1 7844172 

5 

6 

1 3913840 

j 1784359 ' 

! 3682996 

6 

7 

1 0588626 

1 6627318 

1 1 3257329 

7 

8 

2 6393112 

1 1867653 

1 2 3735342 

8 

9 

2 1505807 

, 1 75)1723 



10 

1 

3" 6039080 

1 2 3581517 

1 _ 




n 

Sn(6) 

c„(e) j 

[E„(6)]* 

n 

0 

- 2794155 

9601703 

10000000 

0 

1 

-1 0067395 

-- 1193871 

1 0277778 

1 ! 

2 

- 2239543 

-1 0198638 

1 0902778 

2 

3 

8201110 

- 7304994 

1 2062114 

3 

4 

1 1807604 

1676145 

1 4222661 

4 

5 

9510146 

9819212 

1 8685981 

5 

6 

5627764 

1 6326743 

2 982016 

6 

7 

2683343 

2 5553232 

6 601680 

7 

8 

, 1080593 

4 755734 

22 62868 

8 

9 

0378337 

10 91926 

119 2316 

9 

10 

0117474 

29 82191 

889 3466 

10 

11 

0032822 

93 46743 



12 

0008346 

328 4316 



13 

0001948 

1276 007 



14 

0000420 

5409 102 i 



15 

0000084 

24868 98 1 



16 

1 0000016 

123080 6 1 

! 


17 

1 0000003 

652074 6 


1 

1 


n 

S,t'(6) 

C/(6) 

[E»'(6)]» 

n 

0 

9601703 

2794156 ^ 

10000000 

0 

1 

- 1116256 1 

9800681 

9729938 

1 

2 

- 9320881 1 

2205676 

9174383 

2 

3 

- 6340098 1 

- 6646141 

8304880 

3 

4 

0329440 

- 8422424 

7104576 

4 

5 

3882382 

- 6506631 

5740783 

5 

6 

3882382 

- 6506631 

6740783 

6 

7 ' 

2497198 

~1 3486361 

1 8811792 

7 

8 

1242552 

-3 785665 

14 34662 

8 

9 1 

0613087 

-11 62315 

136 1002 

9 

10 1 

0182547 

-38 78393 

1604 193 

10 

11 

0067300 

-141 6167 



12 1 

0016133 

1 -663 4067 



13 ' 

0004125 

: -2434 084 



14 

0000967 

-11346 23 



15 

0000197 

-66763 36 



16 

0000040 

-303346 1 



17 

0000008 

-1833143 
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BEP0BT8 ON THB STATE OF SOIENOE —1914 
B«nel Funetums of Half integral Onli>r— eontmned 


n 

Log [Sn(8)] 

Log [0,(6)] 

Log rEa(6)]* 

n 

0 

14462504 

1 9823482 

0000000 

0 

1 

0029172 

1 0769574 

0118993 

1 

2 

i 3501593 

0085422 

0376371 

2 

3 

i 9138726 

I 8636199 

0814234 

3 

4 

0721581 

f 2243116 

1629808 

4 

6 

1 9781872 

i 9920766 

2715159 

5 

6 

i 7503359 

2128730 

4745099 

6 

7 

i 4286762 

4074458 

8196545 

7 

8 

i 0336621 

6772176 

1 3546592 

8 

9 

2 6778788 

1 0381930 

2 0763912 

9 

10 

2 0699421 

1 4745354 

2 9490710 

10 

11 

3 5161693 

1 9706139 

3 9412276 

11 


n 

Log [S,'(6)] 

Log [C„'(6)] 

Log [E/(6)]» 

n 

0 

i 9823482 

1 4462504 

0000000 

0 

1 

i 0477638 

1 9912562 

i 9881101 

1 

2 

i 9694570 

1 3435416 

i 9625768 

2 

3 

18020960 

i 8159854 

I 9193334 

3 

4 

2 6177768 

19264370 

1 8616380 

4 

6 

i 5890982 

1 8133495 

1 7589712 

6 

6 

! 5890982 

1 8133495 

1 7589712 

6 

7 

i 3974630 

1298948 

2744302 

7 

8 

i 0943146 

5781411 

1 1667497 

8 

9 

2 7101914 

1 0653238 

2 1306561 

9 

10 

2 2613742 

1 5886518 

3 1773036 

10 

11 

3 7581532 

2 1608077 




n 

8.(7) 

C(7) 

[B»(7)]> 

n 

0 

6569866 

7539023 

10000000 

0 

1 

~ 6600470 

7646869 

1 0204082 

1 

2 

- 9398639 

- 4261793 

1 0649730 

2 

3 

- 0112843 

-1 0691007 

1 1431036 

3 

4 

9285796 

- 6429214 

1 2756080 

4 

5 

1 2051723 

2424875 

1 5112406 

5 

6 

9652627 

1 0239731 

1 9802530 

6 

7 

5874584 

1 6591769 

3 097975 

7 

8 

2936767 

2 531406 

6494203 

8 

9 

1255135 

4 488523 

20 16258 

9 

10 

0471029 

9 651729 

93 15808 

10 

11 

0157952 

24 46666 

598 6178 

11 

12 

0047955 

70 73873 



13 

0013317 

228 1717 



14 

0003410 

809 3520 



15 

0000811 

3124 858 



16 

0000180 

13029 31 



17 

0000037 

58299 01 



18 

0000007 

278465 7 



1^* 

0000001 

1413591 
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Bessel Functions of Half integral Ordl^--^ontinued 


n 

S»'{7) 

C,'(7) 


n 

wm 

7530023 

- 6569866 

10000000 

0 

1 

7512790 

+ 6446613 

9800082 

1 

2 

- 3915145 

+ 8864524 

9390815 

2 

3 

- 9350278 

+ 0320067 

8753014 

3 

4 

- 5419012 

- 7017170 

7860638 

4 

5 

0677422 

- 8161267 

6706518 

5 

6 

3778043 

- 6362038 

5462200 

b 

1 

3778043 

~ 6352038 

5462200 

7 

8 

2519422 

~1 2338585 

1 585882 

8 

9 

1322021 

-3 239553 

10 51218 

9 

10 

0682237 

->9 299661 

86 48708 

10 

11 

0222819 

-28 79588 

829 2033 

11 

12 

0076743 

-96 79974 



13 

0023224 

-353 0087 



14 

0006497 

-1390 532 



16 

0001673 

-5886 773 



16 

0000400 

-26656 41 



17 

0000089 

-128544 0 



18 

0000019 

-657765 8 



19 

0000004 

-3558425 




n 

Log [S,(7)J 

Log [C,(7)] 

Log [E, 4(7)7 

n 

0 

i 8175564 

£ 8773150 

0000000 

0 

1 

1 8195749 

£ 8834836 

0087739 


2 

1 9730650 

£ 6296924 

0273386 


3 

20524737 

0290186 

0580857 


4 

I 9678191 

18081579 

1057172 


5 

0810491 

£3846893 

1793337 


6 

£9846455 

0102885 

2967208 


7 

i 7689771 

2198927 

4910780 


8 

1 4677215 

4033618 

8125259 

8 

9 

i 0986904 

6521034 

1 3045461 

9 

10 

2 6730476 

9846051 

1 9692206 

10 

11 

2 1985243 

1 3885748 

2 7771497 

11 

12 

3 6808361 

1 8496573 



13 

31244043 

2 3582617 











96 


REPORTS ON THE STATE OF SCIENCE — 1914 


Bmel Functions of Half integral Orde'i — continued 


n 

Log [Sn'(7)] 

Log [C«'(7)] 

Log [B„'{7)]* 

n 

0 

i 8773160 

i 8175564 

0000000 

0 

1 

I 8758012 

i 8093316 

i 9912297 

1 

2 

i 5927478 

i 9476554 

1 9727033 

2 

3 

1 9708245 

2 5052413 

1 9421576 

3 

4 

I 7339202 

i 8461593 

i 8954578 

4 

5 

2 8308592 

1 9117576 

i 8264970 

5 

6 

1 5772670 

1 8029131 

' i 7373676 

6 

7 

i 5772670 

i 8029131 

1 7373676 

7 

8 

1 4013009 ; 

0912654 

2002709 

8 

9 

1 1212385 

5104850 

1 0216928 

9 

10 

2 7650977 1 

9684671 

1 9369512 

10 

11 

2 3479526 1 

1 4593304 

2 9186610 1 

11 

12 

3 8793411 

1 9858742 i 



13 

3 3659326 

2 5477854 




n 

0 


3 

4 

5 

6 

7 

8 
9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 


Sn(8) 

C,,(8) 

[E,.(8)]i 

n 

9893582 

- 1455000 

10000000 

0 

2691698 

9711707 

1 0156250 

1 

- 8884196 

5096891 

1 0490725 

2 

~ 8244320 

- 6526151 

1 1055944 

3 

1670415 

-1 0807273 

1 1958744 

4 

1 0123538 

- 5632031 

1 3420578 

5 

1 2249449 

3063230 

1 5943238 

6 

9781817 

1 0609780 

2 082514 

7 

6091458 

1 6830107 

3 203583 

8 

3162531 

2 515420 

6 427352 

9 

1419553 

4 291111 

18 43378 

10 

0563796 

8 748747 

76 54376 

11 

0201360 

20 86154 

435 2041 

12 

0065454 

56 44356 



0019547 1 

169 6355 



0005403 

558 4850 



0001391 

1994 494 



0000335 

7668 802 



0000076 

31556 52 



0000016 

138280 1 



0000003 

642558 9 1 
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Bessel Fumtvms of Half integral Or<2«r— eontinued 


n 

S,/(8) 

Ch'(8) 

[E»'(8)]» 

n 

0 

- 1456000 

- 9893582 

10000000 

0 

1 

9667120 

- 2668964 

9846190 

1 

2 

4912747 

8437485 

9532622 

2 

3 

- 5792576 

7544197 

9046883 

3 

4 

- 9079628 

- 1122615 

8369787 

4 

5 

- 4656796 

- 7287253 

7478982 

5 

6 

0936461 

- 7929453 

6375318 

6 

7 

3690359 

- 6220327 

6231121 

7 

8 

3690369 

- 6220327 

5231121 

8 

9 

2633611 

-1 1468365 

1 379426 

9 

10 

1388090 

-2 848469 

8 133044 

10 

11 

0644334 

-7 738416 

59 88724 

11 

12 

0261760 

-22 64356 

508 2127 

12 

13 

0094997 

-70 85924 



14 

0031247 

-240 4185 



15 

0009416 

-877 5239 



16 

0002621 

-3430 503 



17 

0000679 

-14301 71 



18 

0000165 

-63333 36 



19 

0000038 

-296858 7 



20 

0000008 

-1468117 




n 

Log [S„(8)] 

Log [C,/8)] 

Log [Ei»(8)] 

n 

0 

1 9953636 

i 1628630 

0 0000000 

0 

1 

1 4300263 

1 9872956 

0067334 

1 

2 

i 9486181 

i 7073063 

0208055 

2 

3 

1 9161549 

i 8146570 

0435958 

3 

4 

1 2228244 

0337162 

0776855 

4 

5 

0053323 

1 7506650 

1277712 

5 

6 

0881165 

i 4861797 

2025765 

6 

7 

I 9904195 

0267063 

3185878 

1 7 

8 

i 7847213 

2260868 

5056360 

8 

9 

i 5000347 

4006105 

8080321 

9 

10 

i 1521516 

6326697 

1 2656145 

10 

11 

2 7511219 

9419459 

1 8839098 

11 

12 

2 3039729 

1 3193463 

2 6386930 

12 

13 

3 8159352 

1 7516144 



14 

' 3 2910760 

2 2296167 




1914 
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J3<sm2 VimvUona of Half mtegrdl Ordwweootmnad 


n 

Log [S»'{8)] 

Log IC,'(9)] 

Log [E,'{8)]» 

n 

0 

I 1628630 

! 9953536 

0000000 

0 

1 

i 9803270 

1 4263426 

i 9932682 

1 

2 

i 6913243 

1 9262130 

I 9792124 

2 

3 

i 7628717 

18776130 

1 9564990 

3 

4 

i 9580633 

i 0501919 

1 9227145 

4 

5 

1 6680872 

i 8625639 

f 8738424 

5 

6 

2 9714850 

f 8992433 

1 8045018 

6 

7 

1 5670687 

1 7938132 

1 7185948 

7 

8 

i 5670687 

f 7938132 

f 7185948 

8 { 

9 

f 4037399 

0595015 

0 1396984 

9 

10 

1 1424175 

4546115 

9102531 

10 

11 

2 8091109 

8886621 

1 7773344 

11 

12 

2 4178966 

1 3530225 

2 7060455 

12 1 

13 

3 9777117 

1 1 8503964 



14 

3 4948071 

2 3809678 


1 


n 

S»(8) 

C»{9) 

[E»(9)]* 

n 

0 

4121185 

-9111303 

10000000 

0 

1 

9569212 

3108818 

1 0123457 

1 

2 

- 0931448 

1 0147675 

1 0384086 

2 

3 

-1 0086683 

2528724 

1 0813561 

3 

4 

- 6913750 

-8180790 

1 1472525 

4 

5 

3172933 

-1 0709514 

1 2476118 

5 

6 

1 0791779 

- 4908616 

1 4055701 

6 

7 

1 2415193 

3619291 

1 6723628 

7 

8 

9900209 

1 0940767 

2 177146 

8 

9 

6285202 

1 7046603 

3 300904 

9 

10 

3368550 

2 504651 

6 386745 

10 

11 

1574749 

4 139524 

1 17 16046 

11 

12 

0655808 

8 074134 

65 19594 

12 

13 

0246941 

18 28863 

3344 745 

13 

14 

0085014 

4679174 

21894 67 

14 

15 

0026992 

132 4848 



16 

0007959 

409 5447 



17 

0002192 

1369 179 



18 

0000567 

4915 041 



19 

0000138 

18837 10 



20 

0000032 

76712 39 



21 

0000007 

330630 4 



22 

0000001 

1502966 





ON THB OALOVLATION OF HATHSMATIOAL TABLES 


99 


Bmel Functions of Ealf-inUgral Or4er--continaed 


n 

&n\9) 

0 

- 9111303 

1 

3057939 

2 

0776200 

3 

2430780 

4 

- 7013905 

5 

- 8676491 

6 

- 4021587 

7 

1135518 

8 

3615007 

9 

3615007 

10 

2542368 

11 

1443857 

12 

0700338 

13 

0299116 

14 

0114697 

15 

0040027 

16 

0012842 

17 

0003818 

18 

0001059 

19 

0000275 

20 

0000068 

21 

0000016 

22 

0000003 


C '(») 


- 4121185 

- 'V466727 
0853801 
0304667 
6164631 

- 2231060 

- 7437103 

- 7723620 

- 6105836 

- 6105836 
-1 0782848 
-2 554768 
-6 625988 

-18 34277 
-54 49853 
-1740162 
-595 5946 
-2176 682 
-8460902 
-34852 17 
-151634 87 
-694758 6 
-3343287 


[En'(9)P 

n 

10000000 

0 

9878066 

1 

9630307 

2 

9248551 

3 

8719753 

4 

8025912 

5 

7148366 

6 

6094370 

7 

5034950 

8 

5034950 

9 

1 227334 

10 

6 547686 

11 

43 90862 

12 

336 4581 

13 

2970 090 

14 


n 

Log [S»(9)] 

Log [C.(9)] 

Log [E,(9)]» 

n 

0 

16160221 

19696804 

0 0000000 

0 

1 

f 9808761 

i 4926963 

0053288 

1 

2 

2 9691584 

0063623 

0163683 

2 

3 

0037484 

1 4029014 

0339688 

3 

4 

i 8397137 

f 9127952 

0596590 

4 

5 

1 5014608 

0297698 

0960795 

5 

6 

0330930 

I 6909590 

1478524 

6 

7 

0939534 

i 5586235 

2233305 

7 

8 

1 9956444 

0390477 

3378876 

8 

9 

I 7983192 

2316378 

5186329 

9 

10 

\ 5274431 

3987471 

8052796 

10 

11 

i 1972113 

6169504 

1 2345289 

11 

12 

2 8167769 

9070959 

1 8142206 

12 

13 

2 3925925 

1 2621811 

2 5243630 

13 

14 

3 9294886 

1 1 6701692 

3 3403384 

14 

15 

3 4312382 

2 1221659 



16 

4 9008836 

1 2 6123012 








100 


BEPOBTS ON THE STATE OF SCIENCE — 1914 


Bessel Functions of Half»tntegral continued 


n 

r<og [s,'(9)] 

I-og [C«'(9)] 

Log [EJ«'(9)]> 

n 

0 

f 9696804 

1 6150221 

0000000 

0 

1 

I 4854289 

i 9767408 

1 9946719 

1 

2 

1 9901701 

2 9313668 

I 9836401 

2 

3 

i 3857457 

f 9687008 

1 9660737 

3 

4 

1 8459599 

i 7899070 

19406042 

4 

5 

1 9383441 

13485112 

1 9044943 

5 

6 

^ 6043974 

i 8714038 

i 8642069 

0 

7 

. 10661940 

i 8878209 

1 7849288 

7 

8 

16681092 

i 7857452 

i 7019951 

8 

9 

1 6681092 

i 7857452 

1 7019951 

9 

10 

f 4052386 

0327335 

0889627 

10 

11 

i 1696242 

4073515 

8160879 

11 

12 

2 8453076 

8212507 

1 6425498 

12 

13 

2 4768399 

1 2634649 

2 5269309 

13 

14 

2 0696628 

1 7363848 



15 

3 6023493 

2 2405890 



10 

3 1086340 

2 7749508 




n 

S (10) 

c„(10) 

[E» (10)]> 

n 

0 

- 5440211 

-- 8390715 

1 0000000 

0 

1 

7846694 

- 6279283 

1 0100000 

1 

2 

7794219 

6506930 

1 0309000 

2 

3 

^ 3949584 

9532748 

1 0647250 

3 

4 

-1 0558929 

0166993 

1 1151852 

4 

5 

- 5553451 

~ 9383354 

1 1888816 

5 

6 

4450132 

-1 0487683 

1 2979516 

6 

7 

1 1338623 

- 4250633 

1 4663225 

7 

8 

1 2557802 

4111733 

1 7460476 

8 

9 

1 0009641 

1 1240579 

2 265235 

9 

10 

6460515 

1 7245367 

3 391409 

10 

11 

3557441 

2 497469 

6 363907 

11 

12 

1721600 

4 019643 

16 18716 

12 

13 

0746558 

7 551637 

57 03279 

13 

14 

0294108 

16 36978 

267 9704 

14 

15 

0106354 

39 92072 

1593 663 

15 

16 

0035590 

107 3844 



17 

0011094 

314 4480 



18 

0003239 

993 1834 



19 

0000890 

3360 331 



20 

0000231 

1211211 



21 

0000057 

46299 30 



22 

0000013 

186974 9 



23 

0000003 

i 

795087 8 
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Beml Fmctwns of Half tntegrdl Ori«r— continned 


n 

Sn'(lO) 

C '{10) 

[E,'(10)]> 

n 

0 

- 8390716 

6440211 

10000000 

0 

1 

~ 6224881 

- 7762787 

9901000 

1 

2 

6287850 

- 7580669 

9700360 

2 

3 

8979095 

3647106 

9392662 

3 

4 

0273987 

9466351 

8968684 

4 

5 

- 7782203 

4857670 

8415964 

5 

b 

8223531 

- 3090745 

7717916 

6 

7 

~ 3486904 

- 7512239 

6869223 

7 

8 

1292381 

- 7540019 

6862213 

8 

9 

3549126 

- 6004788 

4865378 

9 

10 

3549126 

- 6004788 

4865378 

10 

11 

2547330 

-1 0226794 

1 110762 

11 

12 

1491522 

-2 326102 

5 432996 

12 

13 

0751074 1 

-6 797486 

33 61647 

13 

14 

0334807 

-15 36605 

236 1167 

14 

15 

0134576 

-43 51130 

1893 233 

15 

16 

0049410 

-131 8944 



17 

0016730 

-427 1771 



18 

0005264 

-1473 282 



19 

0001549 

-5391 445 



20 

0000428 

-20863 88 



21 

0000112 

-85116 43 



22 

0000028 

-365045 5 



23 

0000007 

-1641727 




n 

Log [S„(10)] 

Log [Ch(10)] 

Log [E„(10)]* 

n 

0 

i 7356168 

1 9237990 

0000000 

0 

1 

1 8946867 

1 7979100 

0043214 

1 

2 

1 8917726 

1 8133761 

0132165 

2 

3 

f 6966614 

f 9792181 

0272375 

3 

4 

0 0236199 

2~ 2200898 

0473370 

4 

5 

1 7445630 

r 9723681 

0751386 

5 

6 

1 6483729 

0 0206795 

1132584 

6 

7 

0545604 

1 6284536 

1662294 

7 

8 

0989136 

1 6140292 

2420560 

8 

9 

0004185 

0 0507886 

3551134 

9 

10 

1 8102671 

0 2366724 

5303798 

10 

11 

1 5511378 

0 3975001 

8037238 

11 

12 

i 2359323 

0 6041873 

1 2091707 

12 

13 

2 8730639 

0 8780411 

1 7561246 

13 

14 

2 4685065 

1 2140428 

2 4280865 

14 

15 

2 0267549 

1 6011983 

3 2023961 

16 

16 

3 5513330 

2 0309414 



17 

3 0450910 

2 4975488 
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BmhI FimcUons of Half tnUgral Oreisr— continued 


n 

Log [S„'(10)] 

Log [Cn'ilO)] 

Log [B,'(10)]> 

n 

0 

1 9237990 

i 7356158 

0000000 

0 

1 

f 7941311 

18900177 

1 9966791 

1 

2' 

17985024 

f 8797076 

i 9867879 

2 

3 

19532326 

f 5619484 

f 9727836 

3 

4 

2 4377299 

f 9761826 

f 9527289 

4 

5 

1 8911026 

16864279 

i 9251039 

5 

6 

1 0150683 

f 4900631 

1 8876001 

6 

7 

15424400 

i 8767693 

18362748 

7 

8 

- f 1113906 

1 8773724 

i 7673201 

8 

0 

1 5501214 

1 7784977 

f 6871163 

9 

10 

1 6501214 

1 7784977 

16871163 

10 

11 

i 4060852 

0 0097396 

0466210 

11 

12 

f 1736296 

3666287 

7360394 

12 

13 

2" 8756827 

7632397 

1 6266621 

13 

14 

2" 6247951 

1 1865623 

2 3731267 

14 

15 

2 1289691 

1 6386021 

3 2772041 

15 

16 

3 6938116 

2 1202264 



17 

3~ 2235085 

2 6306079 




Binary Canon — Report of the Commtitee, consisting of Lt -Col 
All\n Cunningham, E E (Chairman), Prof A E H Love 
(Secretary), and Majoi P A MacMahon, appointed for 
Disposing of Copies of the Binary Canon by presentation to 
Mathematical Societies 

The Committee have sent out fifty-eight copies of the above work 
to representative Mathematical Societies at home and abroad (thirteen 
and forty-five respectively) at a cost of 4Z 9s , as per enclosed account, 
and return now the unexpended balance of eleven shillings 


Dynamic Isomerism — Report of the Committee, consisting of 
Professor H E Abmstbong (Chairman) , Dr T M Lowby 
(Secretary), Professor Sydney Young, Dr C H Desch, 
Dr J J Dobbib, and Dr M O Fobsteb (Drawn up by 
the Secretary ) 

Anomalous Rotatory Dispersion 

Dubing the year much justification has been found for the view 
expressed in the Keport presented at Birmingham ‘ that a knowledge 
of the phenomena of dynaimc isomensm is essential for the interpreta- 
tion of optical rotation, especially in the case of liqmds which show 
anomalous rotatoiy dispersion,* and that ‘the study of rotatory 
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dispersion will open up a new and fruitful field for the investigation of 
dynamic isomensm ’ The importance of this aspect of the subject is 
shown by the conspicuous part which it played in a general discussion 
on ‘Optical Eotatory Power,* held before the Faraday Society on 
March 27, 1914, to which the Chairman and Secretary of this Com- 
mittee contributed papers Preliminary experiments, which will be 
described m a subsequent Eeport, have shown ( 1 ) that ethyl tartrate, 
the typical example of anomalous rotatory dispersion, is probably a 
mixture, and ( 2 ) that nitrooamphor, the typical example of dynamic 
isomerism, gives rise to anomalous rotatory dispersion in certain 
solvents 

Dynamio Isomensm, Metamerism, Tautomensm, and Desmotropy 

Attention has recently been directed (Proc Chem Soc , April 4, 
1914) to the importance of maintaining strict accuracy in the use of 
terms to describe the phenomena of reversible isomeric change 

Briefly, it may be said that all the essential facts in reference to 
the conception of equilibrium between isomerides are set out in 
Butlerow*s classical, but almost forgotten, paper, ‘ Uebei Isodibutylen * 
{Annalen, 1877, 189 , 44) The name dynamic isomerism was intro- 
duced in 1899 (Trans Chem Soc , 78 , 235) as a paraphiase of Butle- 
row*s description of ‘ a condition of equilibrium depending on incessant 
isomeric change * , but the adjective isodynamic had already been sug- 
gested by Armstrong in 1889 (Waits* Dictionary, ’Isomensm*) to 
describe those isomerides ‘ which change their type with exceptional 
facility in the course of chemical interchanges * The word metamenc 
had been used in this sense in 1833 by Berzelius to describe isomerides 
which were readily converted into one anothei, but the usefulness of 
the word was destroyed by a misguided attempt to transfei it to another 
usage 

The hypothesis of tautomensm was introduced by Laar in 1885 
(Ber 18 , 648 , 19 , 730) to account foi the facts which had already (ay 
time has shown) been explained adequately by Butleiow Laai asserts 
that, in every case of tautomensm, the different formulse suggested 
by the reactions of the substance represent, * not isomeric, but identical 
bodies * , the term cannot, therefore, be applied to any case of isomer- 
ism, however readily the isomerides may be converted into one another 

It 19 impossible to say whethei tautomensm exists, but it has at 
least been proved by the work of Knorr that the two substances lepre- 
sented by the formulae 

CH 3 CO OH, CO,Et and CH, C(OH) CH CO,Et 

are not tautomeric, but have a real existence as well-defined isomeric 
compounds, which only change into one another under definite physical 
and chemical conditions 

The word desmotropy was introduced by Jacobson (Ber 1887, 20 , 
1732, footnote, 1888, 21 , 2628, footnote) in 1887, when it had become 
evident that Laai’s theoiy of tautomensm had broken down in the 
very case to which it had been most frequently applied, namely, the 
labile isomerism which results from the contiguity of a double bond 
and an acidic hydrogen atom Jacobson considered ’ that the known 
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forms of such compounds are to be represented by a definite grouping 
of atoms, which m certain reactions passes over into an isomeric group- 
ing by a rearrangement of bonds consequent upon the displacement 
of a hydrogen atom * , it was to express this view that the word * desmo- 
tropy ' was introduced If used in this sense, to describe the labile 
isomerism produced by the mobility of a hydrogen atom, it might be 
of real value, unfortunately the meaning of the word was tampered 
with by Hantzsch and Hermann (Bet 1887, 20, 2802), and, as an 
inevitaWe consequence, it has become ambiguous, and has ceased to 
be clearly significant 

Nearly all the cases to which the word * tautomerism ' has been 
misapplied in recent years are examples of isomerism pure and simple, 
the only special feature being the fact that the isomeiides can be 
converted into one another with greater or less ease It is therefore 
very rarely necessary to use any other words than * isomerism ' and 
‘ isomeric change * to describe the phenomena Isomeric compounds 
which owe their lability to a mobile hydiogen atom might well be 
distinguished as ‘ desmotiopic * but foi the ambiguity aiising fiom the 
ill-advised action of Hantzsch in attempting to extend the meaning of 
this term At the present time the least ambiguous phiase that can 
be used to distinguish ethvl acetoacetate and its allies fiom the veiy 
much larger group of substances which exhibit ‘ dynamic isomerism ’ 
or reversible isomeric change is to refer to them as examples of ‘ keto- 
enol * isomeiism, and in othei cases to use some simihi specific nime, 
desciibing the nature of the t\^o compounds between which a condition 
of equilibrium may exist 

Isomeric Halogen derivatnes of CampJior 

Anothei fruitful, though expensive, line of lesearch has been opened 
out during the yeai by applying the process of dynamic isomerism to 
the preparation of new halogen-derivatives of camphor A new 
isomer ide has been prepared from a-chlorocamphor by acting on it 
with alkali, in order to produce a condition of dynamic isomerism in 
the liquid, and then arresting the isomeiic change by the addition of 
acid On freezing the alcoholic solution, most of the original substance 
crystallises out, and the mother liquor contains the i&omeric a-chloro- 
camphor This melts at 117® (instead of 94®) and has ra],>+41® 
(instead of +97®) As the new compound can be prepared readily 
on a large scale, it promises to be of great value in studying the type 
of dynamic isomerism in which a catalytic agent must be added 
deliberately in order to bring about a condition of equilibrium between 
isomers The whole series of compounds which is now under investi- 
gation will provide valuable data for the study of dynamic isomerism 
and rotatory dispersion, and for the elucidation of the crystallographic 
structure of the camphor molecule 

The Committee asks for reappointment with a grant of £40 An 
increased grant is asked for to cover the heavy cost of the organic 
preparations referred to in the last section of the Eeport 
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The Transformation of Aromatic Nitroamines and Allied 
Substances, and its Relation to Substitution in Benzene 
Derivatives — Report of the Committee, consisting of 
Professor F S Kipping (Chairman), Professor K J P 
Orton (Secretary), Dr S Ruhemann, and Dr J T 
Hewitt 

The Acetylation of Amltnes hy Acetic Anhydride in the presence of 

Catalysts 

(With W H Gray, M Sc ) 

The accelerating action of catalysts on the interaction of acetic anhy- 
dride and hydroxy- gioups has long been known it was first observed 
by Pianchimont^ in the acetylation of cellulose, and was later noted 
by numerous observers ^ That catalysts had a similar effect m the 
action of acetic anhydiide on the amino- group seems, howevei, to 
have been overlooked until Smith and Oiton® made the discovery that 
negatively di ortho substituted anilines, such as s tiibiomoamline, can 
be acetylated at gieat speed at the oidinaiy tempeiatuie in the piesence 
of sulphuric and other acids 

Such anilines are paiticularly suitable foi such an investigation as 
they react very slowly indeed with acetic anhydiide at the ordinal y 
tempeiatuie, and at highei tempeiatuie mainly jiefd diacetyl deiiva 
tives, Ai NAcg, m the piesence of a catalyst at low tempeiatuies they 
yield, on the othei hand, the monoacetyl deiivati\e Anilines with 
one oitho position unoccupied foim monoacetyl deiivatives wuth such 
extieme ease that the piesence of an acid is of no advantage, but, on the 
contiaiy, inhibits the leaction, most piobably by foiming stable salts 
which do not leact with acetic anhydiide 

Such salts as sodium acetate h ive long been know n as catalj sts of 
the acetylation of phenols We have found that vaiious salts have 
a similai effect in the case of amines Feme salts aie as pie eminent 
m this capacity as in the biomination of acetic aiili>diide and othei 
compounds, winch w^e aie investigating 

An eaily attempt (Smitli and Oiton, loc (it ) to thiow light on the 
mechanism of such catalyses, using s tiibiomoplienol, demonstiated 
that acids vaiied greatly in catalytic effect, that the change was a le- 
action of the second ordei , that the speed was pioportional to the 
concenti ation of the catalyst 

To follow quantitatively the intei action of acetic anhydride and a 
di oitho negatively substituted aniline has pioved a veiy difficult 
mattei The small capacity foi foiming salts, whicli is an advantage 
in following the effect of acid catalysis on ticetyl ation, is a baiiiei to 
tlie estimation of unchanged aniline by the diazo method Moieovei, 
the slowness with which the anilide is hydrolysed equally pi events 
estimation of the extent of acetylation 

* Compf rend , 187<), 80 711 

® Skraup, Monatsh 1898, 10, 458 Freyss Bull Soc Ind Mvlhouse, 1899, 44 
J Thiele, Her 1898,81, 1249, O Stillich, Ber 1903, 86, 3115, 1905,88,124, 
J Boeseken, Becutil des Trav Chtm ,1911, 81, 350 

« Trans Chem Soc 1908,08,1243, 1909,06,1060 
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A most excellent method has now been devised for determining the 
amount of unchanged aniline This consists in stopping the reaction 
by adding anhydrous sodium acetate, equivalent to the acid catalyst, 
followed by some excess of an acetic acid solution of nitric acid The 
aniline is rapidly and quantitatively converted into a nitroamine 
(Orton ^ , W H Gray *) The nitroamine is completely extracted 
from the diluted solution by shaking three times with chloroform, and 
its quantity measured by titiation of its alcoholic solution with baryta 
The composition of the system could also be checked by direct estima 
tion of the remaining acetic anhydride by the method devised by Oiton 
and M G Edwards,® and amplified by Orton and Marian Jones ^ 
The amount of anhydride found at a given period of the reaction corre- 
sponded well with that calculated from the initial concentration on 
the assumption that the loss of anhydride was solely due to acetylation 
The accuracy and the refinements of this method of analysing the 
system are mainly due to the exhaustive expeiiments of Mr W H 
Gray * on the stability of nitric acid in acetic acid solution and allied 
problems The error in the estimation of the nitroamine in an acetic 
acid solution is not above i per cent , whilst the error in the determine 
tion of the aniline by conversion into nitroamine falls below 1 per cent 

The \elocity coefficients for a reaction of the second order are re- 
markably constant, in spite of the complicated and intricate analyses 
by which they are obtained 

Illustrations of the results are given in the following table — 
Exp A Initial concentrations — s-tnbiomoaniline, 0 04, acetic anhy 
dude 0 04 X 3 83 , H2SO^=M/363 8 



Percentage aniline 


Time from mixing 
Idm 

acetylated 

Kii 

41 

17 52 

0 031 

86 

31 5 

0 030 

146 

48 14 

0 031 

240 

69 92 

0 037 

Exp B s-tribromoamline, 0 02, acetic 

anhydride, 

^SO,=M/363 8 



Mm 



66 

38 19 

0 053 

157 

69 65 

0 069 

283 

90 05 

0 064 

Exp 0 s-tiibromoaraline, 0 02, acetic 

anhydride. 

,SO^=M/727 6 



Mm 



40 

17 25 

0 032 

87 

28 55 

0 026 

142 

403 

0 025 

240 

613 

0 028 


0 02x7 08, 


0 02x7 08, 


Since in the presence of sulphuric acid the anhydude is immediately 

* Trans Chem Soc 1902, 81, 490 
^ Thesta submtUed to the Univeratty of Wales, 1914 
® Trans Chem Soc 1911, 99, 1181 
Trans Chem Soc 1912, 101, 1716 
^ Loc ctt , and Analyst, 1912, 87< 303 
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hydrolysed by water in the acetic acid medium, the initial concentrabon 
was amved at by deducting an amount equivalent to the water from 
the anhydride used 

The experiments have led to some very interesting results — 

1 The reaction is of the second order , the value of the expression, 

1 V 

r (a~^xy ^PP^’oximately halved by doubling the dilution 

2 Tlxe speed is approximately proportional to the concentration of 
the catalyst when the concentrations of the aniline and anhydride are 
kept constant 

3 A very remarkable effect was produced by variation of the 
concentration of the aniline, when anhydride and catalyst are kept 
constant It would be expected that the speed of acetylation v^ould fall 
on decreasing the concentration of the aniline , on the contrary, how- 
ever, the speed increases A comparison of experiments A and B 
shows that on halving the concentration of the aniline the speed is 
roughly doubled The most obvious explanation of the observation 
IS that the acid catalyst is partly combined with the aniline Such a 
balanced action would follow the equation of equilibrium — 

[Aniline] [HgSOJ = K [anilinium salt] 

Since the proportion of the acid, and therefoie of the salt, is very 
small in comparison with that of the aniline in these systems, the 
concentration of the acid is roughly mveisely proportional to that of 
the aniline The concentration of the free acid (or perhaps acid salt) 
IS the dominant factor in the reaction, and hence the eSect (if there 
be one) of the decrease of the aniline is completely concealed This 
suggestion is made more probable by the effect of simultaneous reduc- 
tion of the concentration of both acid and aniline , the velocity of acety 
lation 18 scarcely changed (Exp 0) It appeals, then that the speed 
of acetylation is independent (within ceitain limits) of the concentra- 
tions of the acid and aniline, provided that these quantities remain in 
the same ratio 

The action of the catalyst piobably lies, as has been frequently 
suggested, in producing an * active modification ' of the acetic anhy- 
dride, which alone reacts with the aniline The evidence, so far as it 
goes, points to the reaction of the anhydride and catalyst being momen- 
tary, whilst that of the * active ’ form and the aniline is a time reaction 
Too much stress cannot be put upon the fact that the reaction was of 
the second order, for tlie excess of anhydnde was considerable The 
combination of the acid with the aniline, moreover, obscures the issue, 
and renders a decision difficult with an acid catalyst 

A complete account of this research will be published in one of 
the usual chemical journals 



108 ItEl^oRTs On the state oir sCifiNcB — 1914 

The Study of Plant Enzymes, particularly with relation to 
Oxidation — Third Report of the Committee, consisting of 
Mr A D Hall (Chairman), Dr E P Abmstrong 
(Secretary), Professor H E Armstbong, Professor F 
Keeble, and Dr E J Eussell 

Work is being continued along the lines indicated in foimer reports 
The furthei investigation of the distribution of oxydases (per- 
oxydase) in the flowers of Primula binemts has led to the discovery 
that m certain white-flowered races which breed true to whiteness 
the peroxydase has a definite zonal distribution Such white flowered 
races, wdien crossed with coloured forms, yield m the generation 
a certain number of plants having flowery which exhibits colour pattern 
of a similai zonal character Hence this pattern may be referred to 
a lack of uniformity m distribution of the peroxydase constituent of 
the colour forming mechanism, not of the chromogen This investiga- 
tion has involved the study of a large number of plants of known 
genetic constitution and of their progeny, it may be expected that 
eventually it will throw light on the phenomena of flaking and colour 
pattern in flowers 

Concurrently with the study of the distribution of oxydases in 
plants, the occuirence of leductases has also been investigated, using 
this term as a geneial expression for substances which exeit a re- 
ducing action After many tiials, paitial success has been achieved 
by the discovery of agents indicative of such compounds, and evidence 
of the zonal distribution of reductases has been obtained 

A general summary of the bearing of chemical observations on 
genetic constitution and the relation of enzymes to coloui inheritance 
in plants was given before the Linnean Society in Maich, when it 
was paiticulaily pointed out that, in life, interaction takes place 
between substances in pans, the one being oxidised and the other 
1 educed Consequently the same mtei action is often lecorded whether 
oxydase oi leductase be indicated by the agent used This conception 
materially simplifies the study of the oxidative changes in plants 

The foimation of led pigments fiom yellow flow^ers by reduction 
and subsequent oxidation desciibed in the last report has been further 
studied during the year To elucidate the precise nature of the change 
by working with material of known stiuctuie, the experiments were 
extended to queicetm, which has been i educed under a variety of 
conditions As a lule, colouiless compounds aie foimed which become 
led on exposuie to the an or on the addition of hydiogen peroxide 
The pioblem has been investigated independently at Eeading by 
A E Everest (‘ The Production of Anthocyanins and Anthocyanidins, ' 
Proc Boy Society, 1914, 87 B 144), who finds that the change from 
yellow to red may be effected by leduction alone, and that reduction 
takes place quite leadily without the occurrence of hydrolysis As 
Willstatter has now directed his attention to the chemical structure 
of the anthocyamc class of pigments, it is not proposed to continue 
the research in this diiection 

A study has been made of the rate at w^hich various carbohydrate 
solutions are able to decolourise methylene blue in alkaline solution, 
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as this method is of value in discriminating between glucose and 
fructose (compare Muster and Wokei, Pflugers irchiv, 1913, 166 , 92) 
On adding a few drops of methylene blue to a freshly prepared solution 
containing one per cent of the carbohydrate, togethei with half of one 
per cent of solution of sodium hydroxide, the blue coloi is almost 
immediately discharged m piesence of fiuctose, but only aftei a ceitain 
interval — 15 minutes — by glucose After standing, the glucose solu- 
tion acts much more rapidly, whereas the fructose is less active than 
at first Most probably the active agent is the enolic form common 
to both sugais, as I obry de Bruyn was the fiist to show, this is 
formed from both by the action of alkali The possibility of tl:ie 
formation of fiuctose fioin glucose and vice versa in this mannei in 
the plant must not be ovei looked The methylene blue test has been 
applied to a numbei of carbohydiates, so as to compare then lela 
tive rates of enolisation Indigo blue solution, which changes fiom 
gieen to red, and finally to jellow, as it is leduced, is an equally 
sensitive agent In all cases, agitation with an lestoies the colour, 
the colour is not destroyed in faintly acid solution 

The behaviour of lipase has been fuithei studied duiing the year 
It has been showm that synthesis takes place under the influence of 
the enzyme to the gieatest extent in the absence of all but traces 
of water, and that the presence of even a small pioportion of water 
greatly favours action m the reveise diiection ^ 

In view of the presence of amnionia in the nodular giowths appear- 
ing on the roots of Leguniinos«e, it appealed probable that 
the erzyme urease svould be found in these It has been detected 
m the nodules fiom lAipins and i numbei of othei LegiiminosflB 
Attempts to detect the en/yine m oiganisins cultivated fiom the 
nodules have thus far been attended with negative results 

Mr Benjamin, working at the Hawkesbury Agiicultuial College, 
near Sydney, Austialia, has detected urease in nodules fiom seveial 
Austiahan plants, including wattles, also on tubeicles deiived fiorn 
the Cycad Macrozamia spiralis He has found urease ilso in the seeds 
of ihjiis precat onus 


(Correlation of Crijstallme Form uith Moltcnlar Stiucture — 
Report of the Committee, consisting of Professor W J Pope 
(Chairman), Professor H E Abmstrong (t^ecretary), Mr 
W Barlow and Professor W P Wynne 

Thf following communications have been made to the Royal Society 
duiing the year — 

Morphological Studies of Benzene Derivatives V The Con elation 
of Crystalline Form with Moleculai Structure A Verification of 
the Barlow-Pope Conception of Valency Volume By Henry E 

* Proc Poy Soc 1914, Series B, * Studies on Enzyme Action,* xxii , Lipas 3 (iv ) 
‘ The Correlation of Hydrolytic and Synthetic Activity,* by Henry E Armstiong and 
H W Qosney 
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Armstrong, R T Colgate and E H Eodd Proc Roy Soc , 
Series A, Vol 90, pp 111-173 

VI Parasulphonic denvatives of Ohloro-, Bromo-, Todo, and Cyano- 
benzene By 0 S Mummery, B Sc 

VII The Correlation of the Forms of Crystals with their Molecular 
Structure and Orientation in a Magnetic Field in the Case of Hydrated 
Sulphonates of Dyad Metals By Henry E Armstrong and E H 
Eodd 

In the first of these it is shown that the method of treatment 
introduced by Barlow and Pope is applicable to a large number of 
derivatives of benzenesulphochloride or bromide of the formula 
CgHaRg SOgCl, R being an atom of halogen When equivalence 
parailleters are calculated from the axial ratios and the valency volume, 
m nearly thirty cases the values found of two of the parameters are 
all but identical with those of the corresponding parameters of benzene, 
the third parameter being increased by the same amount beyond the 
benzene value by the introduction of the sulphomc radicle Hence 
it is to be supposed that the halogens have the same relative valency 
volume as hydiogen m all the compounds considered Numerous 
other cases are quoted in support of the conception of valency introduced 
by Barlow and Pope 

In the second communication data are given foi vaiious derivatives 
of benzenesulphochloride containing but one atom of halogen It is 
shown that these fall into line with the di-derivatives 

In the third attention Is called to ciystallographic peculiaiities 
presented by substituted benzenesulphonates of dyad metals and a close 
relationship to corresponding toluenemephonates is established The 
influence of water of crystallisation is considered 

Attention is specially directed also to the peculiar behaviour of 
certain isomorphous salts of iron, cobalt and nickel in the magnetic 
field When suspended similarly in either of two axial directions, 
coriespondmg isomorphous iron and cobalt salts always act along 
crystallographic axes at right angles to each other Nickel salts 
behave like cobalt salts when suspended m the one axial direction, 
like iron salts when suspended in the other Apparently the difference 
in the behaviour of the various salts is to be referred to magnetic 
peculiarities in the metallic atoms 


Study of Solubility Phenomena — Interim Report of the Com- 
mittee, consisting o/ Professor H E Armstrong (Chairman), 
Dr J V4RGAS Eyre (Secretary), Dr E F Armstrong, 
Professor A Findlay, Dr T M Lowry, and Professor 
W J Pope 

Much of the time since the appointment of this Committee has been 
devoted to setting up the required apparatus and getting it into working 
order in a new laboratory Materials have been purified and work 
has been done to ascertain within what limits solubility determinations 
were trustworthy under the new conditions 



ON^THB STtJDY OF^SOLUBILITY PHENOMENA 111 

Preliminary trials have been made to ascertain the influence of 
isomeric alcohols on the solubility of salts in wat3r at 25^ G Small 
differences have been observed in the precipitating effect of the butylic 
alcohols, and work is now in progress to determine the variations in 
solubility of the chlorides of potassium, sodium and ammonium brought 
about by the addition of small quantities of the isomeric propylic, 
butylic and amyho alcohols 

It is desired that the Committee be reappointed 


Erratic Blocks of the British Isles — Report of the Committee, 
consisting of Mr E H Tiddeman {Chairman), Dr A E 
Dwerryhouse (Secretary), Dr T G Boisney, Mr F W 
Harmer, Eev S N Harrison, Dr J Horne, Mr W 
Lower Carter, Professor J W Sollas, and Messrs W 
Hill, J W Stather, and J H Milton 

The Committee leports that owing, probably, to the early date of 
the meeting no lists of eriatics have been contributed during the year, 
and in consequence no part of the grant has been expended 
The Committee seeks reappointment with a grant of 61 


The Preparation of a List of Characteristic Fossils — Second 
Interim Report of the Committee, consisting of Professor P 
F Kendall (Chairman), Mi W Lower Carter (Secretary), 
Mr H A Allen, Professor W S Boulton, Professor G 
Cole, Di A E Dwerryhouse, Piofessois J W Gregory, 
Sir T H Holland, G A Lebour, and S H Eeynolds, 
Dr Marie C Stores, Mr Cosmo Johns, Dr J E Marr, 
Dr A Vyughyn, Piofessoi W W Watts, Mr H Woods, 
and Dr A Smith Woodward, appointed for the considera- 
tion thereof 

No meeting of the Committee was held during the year, but numerous 
suggestions for a list of fossils were received From these a provisional 
list was compiled by the Secretary, and uncorrected were printed and 
circulated This provisional list, when revised, will, it is hoped, form 
the basis for the publication of an amended list of fossils next year 
The Committee ask for reappointment with a grant of £10 


Geology of Ramsey Island, Pembrokeshire — Final Report of the 
Committee, consisting of Dr A Str4HAN (Chairman), Dr 
Herbert H Thomas (Secretary), Mr B E L Dixon, Dr 
J W Evans, Mr J F N Green and Professor 0 T Jones 

The Committee have to repoit that the grant made to them in 1913 to 
aid Mr J Pringle in continuing his researches in the west of Pembroke- 
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shiie has been spent They have also to report that the detailed 
mapping of the island has been completed The examination of the 
rocks and fossils which have been collected will be pioceeded with 

For the puipose of description the island can be divided conveniently 
into two areas — a northern area composed of Lingula Flags, Arenig 
mudstones and shales, liOwer Llanvirn, and the intrusive mass of Cam 
Ysgubor, and a southern area of Lowei Llanvirn shales with inter - 
bedded tuffs and rhyolites, and a thick mass of intrusive quartz- 
porphyry To the latter area belongs the mass of rhyolitic and brecciated 
tuffs of Cam Llundam 


Northern Area 

Lingula Flays — The Lingula Flags consist of bluibh-grey flaggy, 
micaceous shales with ribs of hard grey close grained sandstone, some 
of which reach a thickness of two feet They occupy the headland 
of Tiwyn Dram du, and they extend eastwards to Bay Ogof Hen, while 
on the eastern side of the island they foim the cliffs from the north 
east coiner to Eoad Uchaf The Flags also occur m the headland to 
the south of Abeiiiiawi They are highly fossihfeious, and ^leld Lingu- 
lella daiisi in great abundance 

Arenig — All the zones of the Aienig ai^ present The lowest beds 
are bluish grey sandy mudstones and shales with Oqygia selwym, Orihis 
proaia, and 0 nienapice They are confined to the noith-east corner 
of the island, and are faulted against the Xjingula Flags The mud- 
stones are followed by bluish -black shales belonging to the Extensus 
Zone, and are well displaced in the cliffs at Koad Uchaf and Koad Isaf 
Similar shales belonging to the Ilirundo Zone are present in Abeimawr 

Loner Llanvirn — The base of the 1 owei Llanviin is seen only m 
the cliffs m Abeimawr, where the shales of the Pliiundo Zone are 
succeeded by a thick series of liaid dark and light coloured tuffs of fine 
texture, which Meld Didymograptus bifidus in then highest beds The 
tuffs are followed by fossihfeious blue-black shales, but tlieii full 
thickness is not seen in the northern area 

Intrusive Rocks — Cam Ysgubor is formed of an intiiisne mass of 
quartz albite diabase, which has invaded the sediments of Ijowci Llan- 
virn, Arenig, and Lingula Flags A small intrusion occiiis south of 
Abeimawr, wheie Lingula Flags are m contact with a quait/ keiato- 
ph>ie 

Southern irca 

This area was described in the first report, in which it was shown to 
be composed of 1) bifidus shales which had been iinaded by a thick 
mass of quartz-porphyry The shales, well displaced in the cliffs 
of Forth Llauog and Foel Fawr, are highly fossihfeious, and a large 
collection of giaptolites has been made from them They contain 
lasers of coarse agglomeiatic tuff, and at Foel Fawr pass upwards 
into thick beds of tuff which are conformably overlain by grey rhyolites 
The tuffs and conglomerate on Cam Llundam belong to the same period 
of eruption 
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The two points of interest, therefore, which were made the object 
of mapping the island have been successfully solved It has been found 
that the so called Tremadoc beds are Arenig sediments, and that they 
do not pass downwards into the Lmgula Flags, but are brought against 
them by a fault , also that the rocks hitherto regarded as pre-Cambrian 
belong to a period of igneous activity that occurred in Lower Llanvirn, 
or even later, times 

It is hoped that the full description of the district will be completed 
this year, and it is the present intention of Mr J Pringle to com- 
municate the results of his investigations to the Geological Society of 
London 


The Old lied Sandstone Rocks of Kiltorcan, Ireland — Interim 
Report of Committee , consisting of Piofessor Grenville Cole 
(Chairman), Professor T Johnson (Secretary), Dr J W 
Evans, Dr K Kidston, and Dr A Smith Woodward 

OwiN(jr to the eaily date at which this year’s Eepoit is required, and 
the absence of Professor Johnson at the Australian Meeting, it is im- 
possible to utilise the funds available for field-work, which normally 
IS carried on during the long vacation 

Your Committee asks for its reappointment, and for the renewal of 
the giant of 101 not utilised in 1913-14, together with the unexpended 
balance of 91 odd 

Two papers have been published during the past year — T Johnson 
1 Ginhgophyllum Kiltorkense sp nov , 2 Bothrodendron Kiltorkense 
Haught sp , itsStigmaria and Cone (' Sci Proc , K Dublin Society,' 

Vol XIV ) 


Stiatigraphical Names — Interim Repot t of the Committee, con- 
sisting o/ Dr J E Marr (Chairman) , Piofessor Grenville 
Cole, Mi Bernard Hobson, Dr J Horne, Professor 
Lebour, Dr A Sir\h\n, Professor W W W\tis, and 
Dr F A Bather (Secretary), appointed to consider the pre- 
paration of a List of Stratigraphical Names med in the British 
Isles, in connection with the Leoricon of Stratigraphical 
Names in course of preparation by the International Geological 
Congress 

At its Meeting in Stockholm, 1910, the International Geological Con- 
gress appointed a Committee to pioduce a ‘ Lexique international de 
Stratigraphie * The convener of this International Committee is 
Dr T.ukas Waagen, of Vienna, and the Secretiry of the present Com- 
mittee had the honour of being appointed representative of Great 
Britain 

Before the Meeting of the International Geological Congress in 
Toronto, 1913, various proposals w^ere discussed by the members of 
1914 I 
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the International Committee, and a provisional Beport was laid befoie 
the International Congress Unfortunately neither Dr Waagen nor 
Dr Bather were able to attend the Congress in Toronto, and up to the 
date of writing they have received no official commumcatKMi from the 
officers of the Congress It is, however, understood that the Congress 
can grant no subvention to aid the work 

The situation, therefore, may be thus summaiised — The Inter* 
national Congress has appointed a Committee to produce a labonous and 
costly work of undoubt^ value to all interested in Geology and the 
allied sciences There are no funds for this purpose The details 
of the scheme, even if decided on at the Congress, are not yet known 
to the present Committee of the Association 

Consequently your Committee has been unable to take any steps, 
although some of its members have made note of str atigraphicsil names 
observed in the course of their ordinary work, and are prepared to 
continue this practice and eventually to place such material at the 
disposal of the International Committee Your Committee is, however, 
well aware that the search for names must be conducted systematically, 
and it considers that funds will be needed to pay searchers and com- 
pilers A grant is not asked for at present, merely because it is not yet 
possible to draw up a plan of operations 

The fact that this Eeport will be presented to the Association when 
meeting m Austialia leads your Committee to point out that it has 
been appointed to consider names used in the British Isles, and that 
no provision has yet been made for the othei constituents of the British 
Empiie As regaids India, indeed, the work has been accomplished by 
Sir Thomas Holland and Mr G H Tipper m their ‘ Indian Geological 
Terminology ' ^ But it is desiiable that other Committees should be 
formed, and the piesent occasion seems appropiiate for the establish- 
ment of one to deal with Australasia Any such Committees would 
communicate directly with Di Tj Waagen (K k geolog Eeichsanstalt, 
Wien) 

Your Committee asks for its reappointment; for the present without 
a grant 


Fauna arid Flora of the Tnas of the Western Midlands — Iteport 
of the Committee, consisting of Mr G Barrow {Chairman), 
Mr L J Wills (Secretary), Dr J Humphreys, Mr W 
Campbell Smith, Mr D M S Watson, and Prof W W 
Watts 

This Committee legiets that cwing to the early date at which the 
report has to be submitted this year, very slight progress has been 
made with the digging operations in Warwickshire and Worcestershire 
Some hundred and more specimens ha\e been obtained from the 
Arden Sandstone at Shelfield, near Alcester, and Hunt End, near 

1 Mem Geot Surv India, vol xliu , Part 1, 1913 
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Eedditch, including the bones and teeth of Lahynnthodon, teeth of 
Polyacrodus and Phcebodus (?), plant remains, &c 

Permission has already been obtained to work in the famous Coton 
End Quarry at Warwick, and arrangements made for further digging 
at Shelfield should the grant be renewed It is felt that the chief 
difficulty 18 the discovery of productive fossiliferous horizons, and then 
the arrangement for labour in scattered and often secluded localities 
The larger part of the money so far spent has been in tiavellmg 
expenses in this connection 


The Lower Palceozoic Rocks of England and Wales — Report 
of the Committee, consisting of Prof W W Watts (Chair- 
man), Prof W Gr Pearnsides (Secretary), Prof W S 
Boulton, Mi E S Cobbold, Mi V C Illino, Di C Lap- 
worth, and Dr J E Marr, appointed to excavate Critical 
Sections therein 

Nuneaton Area — Mr V G llhng repoits that duiing the wintei of 
1913-14 and the ensuing spring, systematic trenching was begun 
across the outcrop of the Abbey Shale division of the Stockmgloid 
Shales By the kind permission of Mr Phillips, of Ansley Hall, the 
work was carried out in the Hartshill Hayes A trench, thirty yaids 
long, two feet wide, and thiee feet deep, was made in the direction of 
the dip of the shales and cross trenches were cut along the stiike 
of nine of the beds richest in fossils In some cases these lattei 
tienches were cut to a depth of ten feet About thiity yaids away, 
m the direction of the strike, a second trench was cut across the out 
Cl op, and, in addition to the discovery of further types of fossils, 
evidence was obtained of lateral changes m litholog} Some five 
thousand specimens were obtained, chiefly of trilobites, ranging ovei 
some fifty different species These indicate a fauna corresponding to 
that of the Upper Solva Beds and the Lower and Middle Menevian 
Beds, % e the zones of Conocoryphe exsulans, Agnostus parvtfrous, 
Conocoryphe cequalts (^), and Paradoxtdes davidis, of Sweden, and the 
zones of P aurora, P hicksti, and P davtdis, of South Wales In 
addition new links have been found between the fauna of this area 
and that of the corresponding beds in Bohemia, three of the foims 
being new to Britain The fossils are being described and photo- 
graphed, and a paper on the subject will be presented to the Geological 
Society 

Comley Area, Shropshire — Mr E S Cobbold reports that exca- 
vations have been begun in the Cambrian Bocks of the Comlev area, 
but no leport of the results is vet possible 

The Committee asks for reappointment with a grant of 15/ which 
would include the unspent portion of this veai’s grant 


i2 
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The Upper Old Red Sandstone of Dura Den — Report of the 
Committee, consisting of Dr J Horne (Chairman), Dr 
T J Jehu (Secretary), Mr H Bolton, Mr A W R Don, 
Dr J S Flett, Dr B N Peach, and Dr A Smith Wood- 
ward, appointed to conduct the further exploration thereof , 
with a separate report by Dr Smith Woodward on the 
Fish Remains 

SiNcr the preliminary report was presented at the Birmingham 
Meeting the excavations for fossil fishes at Dura Den have been com 
pleted and the ground has been levelled The Committee desiie 
again to acknowledge the courtesy of Mr Bayne Meldrum, of 
Balmungo, the proprietor, who gave great facilities for carrying out 
tlie operations They wish nlso to express their obligations to Mr R 
Dunlop, from Dunfermline, who superintended the work on the spot 
and who took a series of excellent photographs of the best specimens 
of fossil fishes 

At the outset brief reference may be made to the geological struc- 
ture of the ground near Dura Den Strata of Upper Old Red Sand- 
stone age underlie the long depression of the Howe of Fife, which 
ranges westwards from St Andrews Bay, between the slopes of the 
Ochil Hills on the north and the heights of the Carboniferous 
rocks with their intrusive masses on the south The actual junction 
with the Lower Old Red Sandstone volcanic series of the Ochils 
IS hidden everywhere by drift, but the line of contact is evidently an 
unconformable one For the sheets of andesite dip south east 
at angles of about 15^, and are overlapped at different horizons by 
the more gently inclined members of the Uppei Old Red Sandstone 
In Central Fife there is a conformable passage from the Upper Old 
Red Sandstone into the Lower Carboniferous strata But in Eastern 
Fife the top of the Upper Old Red Sandstone is cut off by a fault 
which crosses Dura Den in a north-easterly direction and brings down 
the Carboniferous strata on the south east side 

The ravine of Dura Den has been cut by the Ceres Burn since the 
Ice Age This rivulet is formed by the union of a number of smaller 
streams which rise in the Carboniferous area of Fife The Den has 
been excavated across the line of fracture and is about a mile and a 
half in length (see Fig 1) 

Below the mouth of the Den the Ceres Burn enters the alluvial 
plain of the Eden and joins ihat river about a mile above the village 
of Dairsie Dura Den is eroded in the Lower Carboniferous and Upper 
Old Red Sandstone formations For a distance of several hundred 
yards the Upper Old Red Sandstone strata are laid bare in the channel 
of the stream and in a range of picturesque cliffs on either side The 
section runs along the strike of nearly horizontal beds, so that only a 
comparatively small thickness of rocks is exposed These belong 
to the upper part of the formation, but the actual top, as already 
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indicated, is cut off by the fault, near which the Lower Carboniferous 
strata are seen dipping at angles of 35® to 40® to the south-east The 
rocks consist of yellow, red, and gieenish sandstones, with bands of 
clay or marl, and are nearly hoiizontal They are rather fine-grained, 
somewhat fissile, and, in places, extremely false-bedded 

Remains of fishes in the Upper Old Red Sandstone of Fife were 
first observed in 1831 at Drumdryan near Cupar, by the Rev John 
Fleming The scales detected by him were found to occur more 
abundantly at Dura Den, a mile faither east, and entire fishes were 
obtained there, preserved in the sandstone 

For years the Rev Di Anderson worked at these beds and pub- 
lished numerous papers desciiptive of the region The fish lemains 
obtained from time to time at this famous locality were examined and 
described by Agassiz, Huxley, and othei investigatoi s The excava 
tions weie carried on paitly undei the guidance of a Committee of 
the British Association, which gave its first report in 1860 

The lemains occui as caibonised impressions on the fine grained 
pale yellow stone, and sometimes aie to be found crowded together 
Sir A Geikie has lemaiked that ‘ the Duia Den sandstone does not so 
much mark a definite pala?ontolog]jcal subdivision as an exceptional 
area where the organisms were lapidly killed and bniied in great 
nnmbeis ’ ^ 

On the other hand, Di Tiaquaii coiielated the Diua Den fish fauna 
with th it of the highest subdivision of the Upper Old Red Sandstone 
on the soutli side of the Moiav Firth Di Tiaquaii’s list of fishes 
found at Dura Den dining the earlier excavations is given below “ 

Bothnolepis hi/drophila, Ag 
Phyllolepi^i concen^rica, Ag 
Ghjptopomm minor, Ag 
Clyptopomvs Unnairdt, Hiixl 
Gyroptychivs heddlpi, Tiaq 
Tloloptychins flemingi, Ag 
Phaneroplriiron andpr^oni, TTuxl 

Tn the spiing of 1912 the Dundee local Committee of the Biitish 
Association began excavations with the view of re exposing the fish bed 
at Dm a Den The woik was earned on undei the supervision ot 
Mr A W R Don The exact site of the pievious diggings was un 
known, but, accoiding to local tradition, many of the fiist specimens 
had been obtained fiom the sandstone forming the bed of the stream 
and from an excavation on the left side between the stream and the 
mill-ladc After some trial explorations the fish bed was eventually 
struck, and part of the old workings was exposed The latter lay 
30 feet to the west of the stream, just opposite the north end of the 
garden belonging to the house known as ‘ The Lain els,' now m the occu 
pation of Dr Grahrm Campbell A pit was opened from the base of 
the old workings in the direction of the mill lade, and the fish bed 
was found to he at a depth of nine feet from the sui face Only a small 


* * The Geology of Eastern Fife * {Mem Geol Surv ) 1902, p 59 

* ‘The Geology of Fastern Fife * Oeol S^urv ), 1902, p 58 
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part of the fish bed was then worked A few good specimens were 
obtained, and were on view when the locality was visited during one 
of the excursions arranged m connection with the Geological Section of 
the Bntish Association Meeting at Dundee in 1912 

Work was resumed by our Committee on May 5, 1913, and pro- 
ceeded moie or less continuously to the end of August 1913 The 
pit, opened in 1912, having been partly refilled, had to be cleared 
again As stated in the preliminary report issued last year, a definite 
plan was followed in the excavations The fish-bearing zone was un 
co\eied and removed in successive sections (fig 3) 

The sandstone layer, rich in fish -remains, is restricted to a zone 
about two inches thick It lies at an average depth of nine feet from 
the surface, and is oveilam by about four feet of comparatively bairen 
sandstone, capped by about four feet of loose superficial materials 
It was decided to work the fish-bed in the direction in which the fish- 
lemains appeared to be most abundant As the opeiations extended 
towards the mill lade in the are \ maiked A' in fig 3, the sandstone did 
not yield fislies, as if the limit of the rich fish bearing zone had been 
leached m that direction The aiiangement was then made to cany 
on the excavations towards the stream and ]ust noith of the face of the 
old \^orklngs 

The finest specimens of fossil fishes and the laigest number were 
obtained in the middle section (aiea maiked B m fig 3) and m the 
immediately adjoining parts of the othei two sections (A and C in 
fig 3) The greater pait of the aiea maiked 0 in fig 3 pioved to be 
somewhat disappointing, though one slab containing twenty specimens 
wis found theie and a fine example of PhyUolepis quite close to the 
stieam Good specimens, however, were scarce in section 0 outside 
the limit of the iich fish bearing zone In the north east corner of 
it near the stream a sandstone layer with fiagmentiry fish remains 
was traced for a shoit distance 

It IS woHliy of note that large scales of 11 olopty chi'll^ weie obtained 
111 the sandstone three feet above the fish-bed, and that fish scales in a 
fragmentary condition were found scattered thioughout the sandstones 
above that zone No fish scales were detected below that hoiizon, 
although the excavations were continued downwards for nearly two 
feet beneath that zone 

Fine examples of sun cracks were seen in the sandstone at deptlis 
varying from two to four inches below the fish-bed, and, at one 
locality, one inch above that horizon This feature is suggestive, and 
probably points to desiccation as a cause of the death of the fishes 
m a shoal at this locality 

In all forty two slabs of stone with well pieseived fish remains were 
obtained These weie photographed bv Mr Dunlop, and the photo 
graphs were sent to Dr Smith Woodward for determination About 
fifty fragmentary specimens were collected which were not photo- 
giaphed The whole collection has been stored m an adjoining mill 
under lock and key 

The expenses connected with these detailed investigations have 
exceeded the British Association grant of 761 and the contribution of 
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191 from Mr Bolton of the Bristol Museum The Curator of Ichthy- 
ology m the Amencan Museum of Natural History, New York, has 
offei^ fl donation towards the expenses on condition that some of 
the specimens be given to that Museum The Committee have accepted 
this offer 

On June 19 the Chairman, the Secretary, Dr Smith Woodward, 
and Mr Dunlop visited Dura Den Each specimen was then examined 
by Dr Smith Woodward, and a scheme of distributing the fish remains 
to various public institutions was adopted by the members of the 
Committee who were then present The distribution will be carried out 
duiing this summer 

The report of Dr Smith Woodward is appended 

Prehminary Report on the Fossil Fishes from Dura Doi 
By Dr A Smith Woodward 

The very large majority of the fishes found during the excavations 
at Dura Den are examples of Holoptychius flemingi, and most of 
the slabs exhibit no other species Specimens of Glyptopomus 
ktnnairdi, Glyptopomus minor ^ Phancropleuron andersonty and 
Bothriolepis hydrophila occur but rarely All are nearly complete, 
as usual, having been suddenly buried, and it is probable that ^\hen 
studied in detail the new collection will make some small additions to 
our knowledge of the species represented 

The only important novelty is a nearly complete specimen of 
Phyllolepts, which shows for the first time the arrangement of the 
dermal plates in this rare fish, and apparently determines its affinities 
The genus has already been recoided from Dura Den,® but it is known 
only by detached plates The armoured portion of the fish is oval in 
shape and depressed, so that the fossil is exposed from above or 
below The surface shown is covered chieflj^ with two large plates, 
one behind the other, each irregularly hexagonal m shape and slightly 
broader than long The anterior plate is somewhat the smaller and 
narrower, and the legularity of its concentric ridge-oinament is inter 
rupted by waviness in lines apparently of slime canals which radiate 
symmetrically from the centre to the periphery The posteiioi plate 
IS ornamented exactly like the imperfect typical plate of Phyllolepis 
concentnca from Clashbennie ^ Bound the anterior plate are ai ranged 
four pairs of small plates which decrease lu width forwards Then 
ridge-ornament is peculiar in being concentric only w ith two or three 
of the margins of each plate and running out at right-angles to the 
inner margin The postero-lateral plate is long and narrow and much 
the largest, extending along the posterior two-thirds of the anterior 
median plate The next plate forwards, also long and narrow, is 
much less than half as large as the postero-lateral just described, and 
the two pairs or anterior plates aie comparatively small This senes 
of plates on each side is continued behind by another still larger plate, 
which flanks somewhat less than the anterior half of the posterior 
median plate and ends postero laterally m a produced angle or cornu 

* A S Woodward, Catal Fi<ihe^ Jint Mm , Pt II (1891), p S14 

* L Agassis, Potss Fobs Vteux Gris Rouge (1844), p 67, pi xxiv fig 1 
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I IG 4 — Phyllolepx'^ loncenU ica^ Ag , ventral or dorsal aspect of dermal armour, 
showing airangement of plates, two thirds natural size 


Illustrating the Bepoit on the Upper Old Bed Sandstone of Duia Den 
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The ornamental ridges here radiate chiefly from the posterior cornu and 
the outer margin and are most widely spaced on the postero-mternal 
part of the plate No vacuities are observable in any of the plates, 
but all of the anterior pairs are crossed by slime-canals in continuation 
of the radiating canals on the anterior median plate The total 
length of the fossil is 12 5 cm 

The ornamentation of the postenor median plate of the specimen 
]ust descnbed seems to justify its reference to the typical species, 
PhyUolepts concentnca, already known by imperfect plates from 
Clashbennie, Perthshire It is also interesting to add that some of the 
other plates agree well with specimens found m association with 
P concentnca in the Upper Devonian of Belgium * The ornament of 
the anterior median plate corresponds with that of the so-called 
P Cornell,® while both the ornament and shape of some of the lateral 
plates are essentially the same as those of the small plates named 
Pentagovolepts ' The plates forming the lateral cornua do not appear 
to have been previously seen 

The whole fossil is most suggestive of the ventral aspect of the 
curious Devonian Ostracoderms Drepanaspis ® and Psammosteus • It 
agrees with Drepanaspts in showing two principal median plates one 
behind the other, though in Phyllolepts they are more nearly equal 
in size It corresponds with Psammosteus in exhibiting a prominent 
pair of lateral cornua at the hinder end of the series of small marginal 
plates, opposite the middle of the posterior median plate It differs 
from both in lacking separate small tessellated plates There is, there- 
foie, not much doubt that Phyllolepts is a genus of Ostracoderms most 
nearly allied to the Diepanaspides or Psammosteidce 


Antarctic Whaling Industry — Report of the Committee, con- 
sisting o/ Di S F Harmer (Chairman), Di W T Calman 
(Secretary), Vi F A Bather, Dr W S Bruce, and Dr P 
Chalmers Mitchell, appointed to provide assistance for 
Major G E H Barrett-Hamilton* s Expedition to South 
Georgia to investigate the position of the Antarctic Whaling 
Industry 

By kind peimisbion of the Trustees of the Biiiish Museum the Com- 
mittee arranged foi Mr P Stammwitz, a taxidermist employed at the 
Natural History Museum, Soutii Kensington, to accompany Major 
Barrett-Hamilton to South Georgia, and the greater part of the grant 

^ M Lohest, * Recherches sur les Poissons des Terrains Paleozoiques de 
Belgique,* Ann Soc Gdol Belg , vol xv ^1888), M4m , pp 165 167, pis x , xi 

• M Lohest, loc cit , p 167, pi x fig 6 

^ M Lohest, loc cit , p 161, pi xi 1 8 

• R H Traquair, * Additional Note on Drepanaspis Gtmundentmxs 
Schluter,* Ged Mag [4] vol ix (1902), pp 289 291 

•AS Woodward, ‘On the Upper Devonian Ostracoderm, Psammosteus 
iaylon,* Ann Mag Nat litst [8] vol viii (1911), pp 649 662, pi ix 
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placed at the disposal of the Committee has been expended in paying 
hi6 salary and m making certain preliminary payments He sailed 
with Major Barrett-Hamifton on October 6, 1913, and work was com- 
irenced at South Georgia immediately after their amval on 
November 10 

Early in the new year news was received that Major Barrett- 
Hamilton had died suddenly at South Georgia on January 17, while 
his inquiries were in full progress This unlooked-for event, which 
the Committee record with profound sorrow, naturally altered the 
entire prospects of the expedition Mr Stammwitz had no alternative 
but to return at once, and after making arrangements for the despatch 
of the specimens which had been collected, he took the first opportunity 
of leaving South Georgia, bringing with him the notebooks contaming 
Major Barrett-Hamilton’s observations At the «i:equest of the 
GoloniaL 0£Gce, and with the approval of the Trustees of the British 
Museum, these notebooks have b^n placed in the hands of Mr Martin 
A 0 Hinton for examination It is hoped that the results of the 
work which Major Barrett-Hamilton had done before his death will 
thus not be entirely lost The collections brought home comprise a 
very valuable series of specimens — in particular, flippers, complete sets 
of baleen, and other anatomical material from the blue whale, the 
common rorqual, and the humpback whale These specimens have 
been presented to the Natural History Museum by Messrs Chr 
Salvesen & Go , at whose whaling station they were obtained, and they 
should be of service in helping to decide the much-debated question 
whether these Antarctic whales are specifically identical with their 
northern representatives 

A few birds were obtained at South Timidad on the outwaid journey, 
and a certain amount of dredging and shore-collecting was done at 
South Georgia The collection made includes marine invertebrates and 
fishes, bird skins, plants, and a few insects and rock specimens These 
have been handed over to the Natural History Museum, where arrange- 
ments are being made to have them determined, and if necessary reported 
on, by specialists 

At the request of the Meteorological Office, Mr Stammwitz took a 
senes of observations on sea-temperatures and ice-drift while at South 
Georgia, and these are now being utilised by the Office 

The Committee wish to record their appreciation of the value of the 
assistance which was given to the expedition by Mr J Innes Wilson, 
Stipendiary Magistrate of South Georgia, Messrs Chr Salvesen & Co , 
and Mr Henriksen, the manager of their Leith Harbour Whaling 
Station, Messrs Brydo A Dahl, the Tonsberg Whaling Company, and 
other individuals and whaling companies connected with South Georgia 

The amount actually expended is less by 152 than the total (902 ) 
allotted to the Committee, and it is not proposed to apply for this 
balance 
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Belmullet Whaling Station — Report of the Committee , consisting 
0/ Dr A E Shipley (Chairman), Professor J Stanley 
Gardiner (Secretary), Professor W A Herdman, Eev W 
Spotswood Green, Mr E S Goodrich, Professor H W 
Marett Tims, and Mr E M Barrington, appointed to 
investigate the Biological Problems incidental to the Belmullet 
Whaling Station 

Ttir Committee acting through Professor Heidman arranged with Mr 
T Erik Hamilton and Mr E J Daniel, two post-graduate research 
students of the University of Liverpool, for the prosecution of their 
researches in 1913 They proceeded to Belmullet on June 25 and Mr 
Hamilton remained until the end of the fishery Mr Daniel retired 
from the investigations on August 26, having been appointed to a post 
under the Board of Agriculture and Fisheries Mr Hamilton’s Report 
is appended 

The Committee desire to express their thanks to Mr R M 
Barrington for considerable financial assistance They have been 
enabled owing to his generosity to arrange with Mr Hamilton for 
the further prosecution of the work in 1914 They have now experi 
ence with three investigators — ^Mr Lillie, Mr Burfield, and Mr 
TT xmilton — and they find that the annual expense is about i5l They 
attach great importance, both from the scientific and economic sides, 
to the further continuation of these investigations, and beg to apply 
foi reappointment with a grant of 45Z for the summer of 1915 

Report to the Committee by J Erik Hwiilton, B S( 

I — Iniroduciion 

In June 1913 Mr R J Daniel and I proceeded to the Blacksod 
Bay Whaling Station on Ardelly Point, Blacksod Bay, Co Mayo 
Ireland, to continue the work carried on by Mr S T Burfield, B A 
in 1911 1 

The flensing plane was clearly visible by telescope from the hotel, 
and the whaling steamers are compelled to pass the Point whenever 
they come in In consequence no whale escaped notice, as might 
otherwise have happened on account of the distance from the Station 
Our first whale was examined on the morning after our arrival, 
t e , on June 26, the last on September 9 As Mr Daniel was 
appointed to a post under the Board of Agriculture and Fisheries, he 
had to leave Blacksod on August 26 for his new duties Consequently 
the working up of the collections and the preparation of this Report 
have been left in my hands 

I desire to express my heartiest thanks to Professor W A Herdman, 


* British i^^Qxation Report, 1912, p 146 
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PBS, who has given advice and help of great value dunng the time 
which was spent m his Laboratory in working up the materials obtained 
To Captain Lorens Bruun and Mr D Bingham sincere thanks are 
due from Mr Daniel and myself for the way m which they assisted os 
at the Station We would also wish to mention that on many occasions 
the men employed at the Station helped us in the most obliging manner 
Two steamers continue to be used, both fitted with wireless tele- 
graphy, which IS employed solely for communication between the boats 
As a result of the possession of this apparatus, if one boat finds whales 
in numbers too great to be dealt with unaided, the other steamer may be 
called up to assist in making the most of a fortunate find 

Burfield^ has stated the disadvantages of work at a commercial 
factory, and I wish to lay particular emphasis on the rarity with which 
really fresh whales are brought in It is exceptional for a whale to be 
anything other than decomposing Even in those sufficiently fresh to 
be fit for food the carcase is quite hot in the deeper parts owing to 
decomposition, while in the other cases carcases lying on the flensing 
plane fizzle and spluttei wherever a cut m the blubber peimits the 
internal gases to blow off 

Sperm Whales are particularly obnoxious, as they are brought from 
considerable distances They are frequently caught at Eockall, 240 
miles away, and they smell strongly of cuttlefish In two Sperm 
Whales which we saw part of the intestine was blown out through 
the back of the animal by pressure of gases produced by decomposition, 
and from one specimen a great spout of blood and oil was projected 
with considerable force over one of the investigators 

About thirty-eight Irishmen and fifteen Norwegians are employed 
when work is m full swing Of the Irishmen one is timekeeper and 
another is second flenser, but all the other skilled workmen are 
Norwegians 

The 1913 season was the best which the Blacksod Bay Whaling 
Company has had up to the present Sixty-four whales weie brought 
in The whalemen state from their experience that in fine, calm 
weather the whales go far out for food, and it is the case that during 
the splendid weather of August very few weie taken But the largest 
number of whales for a given number of days was brought in between 
August 27 and September 9, when the weather was still fairly fine 
Nearly three thousand bairels of oil were shipped to Glasgow, to which 
port all the produce of this Station is sent There were also manu- 
factured about fifteen hundred bags of guano 

All whale oils at present average 201 per ion ( = 54 barrels), 
sperm oil and spermaceti havmg fallen considerably since 1911 The 
oil IS used for the manufacture of explosives, soap, &c , with the excep- 
tion of the two sperm products lie oil of the Sperm Whale is used 
for lubrication only, while spermaceti is largely utilised in the manu- 
facture of church candles 

Whalebone from Balanoptera inusculus and B nhhaldtt is now 
65/ per ton The baleen of Megaptera is of Tery inferior quality, 


* Op at , p 146 
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while B borealis yields whalebone of considerably greater value, 
although, since this is a small species, the plates are not of great 
length 

The flesh of B sibbaldii has an excellent flavoui even when taken 
from a large specimen As it is full of oil it must be soaked in salt 
water and vinegar for several hours before being used If this pre- 
caution IS obseived, it is almost impossible to distinguish whale-meat 
from good quality of beef-steak Ihe flesh for food is generally cut 
from the lateial post-anal region On the Japanese Stations the 
entire caicases of the whales taken aie, or used to be, sold on the 
market for food, it being more profitable to dispose of the animals in 
this mannei than to boil them down foi oil and guano In Norway 
also a considerable amount of whale-meat is utilised by butcheis it 
IS usually salted as soon ‘as the whales are flensed, and is seldom 
placed on the market in the fiesh condition On account of the 
extieme rapidity with which whales decompose veiy few of the 
Blacksod Company’s whales could be used as food 

The attempts to recovei the glue from the water lesultiug fiom 
the various cooking processes applied to blubbei, meat, Ac , have 
failed The reason for the failure lies in the amount of steam which 
IS required to evapoiate down the solution This steam consumption 
necessitates the use of so much coal that the expenditure is not 
covered by the price received for the glue which results from the 
process of evaporation 

In whale-hunting the shot which is generally attempted is aimed at 
a point behind the pectoral fin, as the animal here presents a large 
taiget, and the cast-iron harpoon head, with its charge of blasting- 
pow^dei, IS most likely to prove fatal when exploded in ihe thoracic 
cavity The shot, as a matter of fact, which explodes beside the 
vertebral column in an anterior position is the most fatal When this 
happens the whale dies instantaneously On the other hand, the 
harpoon ma} fail to explode In this case nothing can be done at the 
moment except to let the harpoon line run out The whale may 
lush along the surface or descend almost vertically If a surface run 
IS made the engines are put at full speed ahead in older to avoid 
straining the haipoon rope, which is three-inch manilla cable When 
the whale dives down there is serious risk of the rope snapping 
One such case occurred to our knowledge during the 1913 season 
Only a few fathoms of cable were lost on this occasion, but at other 
times whales have been known to take out the whole of the three or 
four bundled fathoms attached to the harpoon, and then to break 
the hne at the bow of the boat The whale is veiy much exhausted 
after a deep dive such as this, and when it returns to the surface 
another harpoon is fired into it, which almost invariably proves fatal 
Even if the rope is broken the animal is usually so fatigued that 
it 13 readily approached and secured We were informed by a very 
experienced Norwegian whaler that it has happened that a steamer, 
having become fast to a wounded whale, has ' played ’ it for as much 
as thirty hours befoie the coup de grdee could be delivered 
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II — Numbers and Species taken at the Blacksod Bay Station in 1913 
The number of whales taken in the 1913 season was sixty-four, 
as has been stated Of these fifteen were brought in previous to our 
arrival, we therefore examined forty-nine Five species came under 
our notice, in the following numbers — 


Fmners {Balcenoptera muaculus, L ) 37 

Blue Whales (B sibbaldw, Qray) 4 

Sejhval (B borealis, Lesson) 1 

Humpback (Megaptera longimana. Bud ) 1 

Sperm Whales (Physeter macrocephalus, L ) 6 


Of the fifteen taken before June 2b, eleven were Finneis and 
four Sperm Whales 

III — Measurements and Proportions 
' (See Tables at the end of this Beport ) 

In continuing the series of measurements adopted by Bui field, 
who followed True,^ we found that in some cases it was not easy to 
determine the points fiom which measurements were taken, within 
six inches or a foot We iheiefore fixed on a series of standards 
which enabled us to make measuiements fioin coiiesponding points 
on every whale These points I attempt to define as follows — 

(1) Total length Taken between a position opposite the end of 
the upper jaw to a point opposite the notch between the flukes, in 
a straight line When, as in the case of oui first two whales, and 
in the cases of those taken befoie our ariival, we obtained the Noiwegian 
measurements, two points had to be observed (a) that Noiwegian 
feet are equal to 12J English inches , (6) that the Norwegians measured 
to the tip of the lower jaw, which projects beyond the rostium, and 
therefoie an allowance must be made for this in i educing to * total 
length ' according to our standard Eighteen inches was the allow - 
ance made, and this was probably eriing on the side of taking off 
too little rather than too much 

(2) Tip of snout to anterior end of the qrooie between the spiracles 
This line is quite sharply marked 

(3) Tip of snout to posterior insertion of pectoral fin Th s 
measurement and the next weie taken on the doi&al side of the animal 

(4) Tip of snout to poslenor insertion of dorsal fin This fin 
slopes away behind as well as in front The ‘ posterior insertion ’ 
was therefore found in the following mannei — a line being dropped 
from the apex of the dorsal fin, it light angles to the body, the 
point where it cut the outline of the body was taken as the posterior 
insertion of the doisal fin Apait fiom this method I do not think 
that any point of equil value in every specimen could have been 
found 

(5) Tip of snout to centre of eye 

(6) Centre of eye to a'nterior end of auditory slit 

(7) Notch of flukes to posterior end of anus 

(8) Notch of flukes to anterior margin of umbilicus, which was- 
the most definite border of that area 

3 Smtthsoman Contributions to Knowledge, vol xxx 
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Measurements oi the Pectoral Ftn 

(9) Length of anterior border There is an eminence at the anterior, 
proximal end of the pectoral fin Immediately anterior to this is a 
slight depression The eminence marks approximately the position 
of the head of the humerus Our measurement was taken from the 
tip of the flipper, along the anterior margin, to the centre of the 
eminence 

(10) The posterior length was taken from the tip, along the 
margin, to the axilla This measurement was not easy to take, a& 
the flipper was almost always directed backwards and the axilla 
compressed When this was the case the exact point of proximal 
measurement had to be found by judgment, as the size of the limb 
and the rigidity of the muscles attached to it entirely prevented any 
attempt at altering the attitude of the fin 

(11) The median length was taken from the tip in a stiaight line, 
down the centre of the flipper, to a point on a line drawn through 
the axilla in such a manner as to carry on the outline of the body 
In taking this measuienieiit the idea was to estimate the extent to 
which the limb projects fiom the body 

(12) The greatest breadth of the pectoral fin was geneially found 
to be about half-way between the tip and the inseition 

(13) The length of the dorsal fin was taken fioiii the posteiioi 
in&eition as defined above, and the anteiior nisei tion, which could 
usually be found with moderate accuracy This measuieinent cannot 
be regarded as more than approximate 

The flukes had been cut off every whale befoie it was towed in, but 
on B muscuhib (No 19) the light fluke had not been completely 
severed Measuiemeiit gave 7 ft 5 in as the distance between tip 
of fluko and caudal notch The spiead of the flukes was thcicfoie 
1 1 ft 10 in 


Total Length 

^L'he following table shows the averages of total length of the fivo 
species taken, and a moie detailed analysis of the total measurements 
of the Finnera at diffeient stages I have taken as the minima foi 
adult males and females the dimensions adopted by Bui field, who 
followed True — 


Pmneis {B inusdduhy L) 



It 

111 

Aveia go length of dll ftimors (^7) 

59 

9 

„ „ „ females (17) 

60 

7 

„ „ 9 > males (20) 

59 

0 

„ „ „ adult females (12) 

64 

0 

Maximum for females 

69 

8 

Minimum for females 

48 

7 

Average for adult male«i (16) 

60 

8 

Maximum for males 

66 

0 

Minimum for males 

46 

7 


‘ Op ett , p 160 

1914 K 
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It may be useful to compare these results with those of Burfield, 
who gives similar statistics for the year 1911 — 

1911 1913 




It 

in 

Ft 

in 

Average for all specimens 

(53) 

63 

0 

(37) 59 

9 

„ „ females 

(21) 

64 

3 

(17) 60 

7 

„ „ males 

(25) 

62 

5 

(20) 59 

0 

„ „ mature females (20) 

64 

8 

(12) 64 

0 

„ „ „ males 

Maximum females 

(23) 

63 

2 

(16) 60 

8 


75 

0 

69 

8 

„ males 


68 

9 

66 

0 

Mimmum females 


54 

3 

48 

7 

„ males 


53 

3 

46 

7 


As all the figures for 1913 are perceptibly smaller than the corre- 
sponding figures of Burfield for 1911, it suggests the probability that 
the larger whales aie being killed off, although it would be useful 
to have the figures for other years in oidei to verify the diminution 
in size which appears to be taking place 

Blue Whales {B stbhaldii, Giay) 

All the Blue Whales taken in the 1913 season were bi ought in 
during our stay — 




It 

in 

July 10, female 


78 

2 

Aug 18, „ 


70 

7 

„ 20, „ 


68 

6 

Sept 9, , 


68 

0 

Comparing these also with Buifield’s 

figuiefa 

for the same 

species 

have — 





1911 1913 


It 

m It 

in 

Average for all females (4) 

75 

4 (4) 71 


Maximum for females 

84 

0 78 

2 

Minimum for females 

64 

6 68 

0 


True gives 72 ft as the minimum for mature females, but oui 
second specimen (70 ft 7 in ) had a foetus 8 ft long, and was 
therefore an adult animal (Tiue's figure was based upon two speci 
mens only ) 

Sperm Whales (Physeter macrocepifialus , L ) 

Ten Speim Whales were taken in 1913, of these six were taken 


after our arrival, and all the specimens were males 

Ft m 

Average of all Sperm Whales (10), males 58 3 

Maximum, Sperm Whales 62 6 

Mimmum „ 53 0 

Sejhval {Balcenoptera borealis, Lesson) 

One specimen only taken in 1913, female 46 ft 7 in 

Humpback (Megaptera longimana, Bud ) 

Only specimen taken, male 45 ft 8 in 

* Op ctt , Table IV , p 161 



BELMX7LLBT WHALING STATION 


131 


XV — General Observations on the Various Species 
1 Finners (B musculus, Gray) 

(a) Colouration — Non^ of the specimens of the Finner examined 
by us presented any remarkable colour variations On very many 
animals white marks occurred m the pigmented areas, as noted by 
Burfield ® Some of these seemed to be the scars left after Penella has 
dropped off In many cases we found the sores which had been 
produced by the parasite, although the latter was not present These 
sores presented the same appearance as the wounds in which the 
parasites were still fixed 

Notes on individual specimens — 

No 10 — There were a few white patches on the tongue, which 
may have been the result of lesions, or due to mere absence of 
pigment 

No 11 — A pale, grey line, about three eighths of an inch broad, 
but gradually widening, ran from the ear aperture upwards and 
backwards to a point level with the anterior margin of the pectoral fin, 
and about 9 in above the level of the ear-hole From here onwards 
it broadened out and swept round in a semicircle to tlie anteiioi 
margin of the pectoral On the top of the head there was a triangular 
grey patch, having as apices the angle of the ]aw, the nape at the 
level of the pectoral, and a point about half-way down the margin 
of the rostrum 

No 19 — The foetus of No 19, 15 ft in length, displayed the same 
areas of colouration on the head as an adult The dark colour of the 
body was defined in front by the same line sweeping hack from the eye, 
through the ear, and down to the pectoral, while dorsally it was 
limited by another line curving backwards, and dorsally, from the 
eye 

No 24 — The black colour extended in flecks from the left as far 
as the mid ventral line, in the legion of the ventral furrows 

No 29 — The belly had a yellow tinge, but, as the animal was 
very decomposed, this was probably not the case during life, as, when 
they hive been dead foi some time, whales become very discoloured 
There were streaks of black on the left side of the belly 

There is always a ceitain amount of pigment m the moie lateral 
and posterior furrows In Nos 41 and 42 this was specially well 
developed, extending almost to the mid-vential line from the left 
side The furrow region of No 42 had also a numbei of pale puiple 
stains in its puie white These were due to the presence of blood 
in the cutaneous vessels, which appealed to be gorged They 
lesembled bruises but the epidermis was undamaged This whale 
displayed a few of the ‘galvanised iron ’ markings which are charac- 
teristic of the Blue Whale These were in the post anal region 
It had also several incised wounds in the belly, about 8 in long 
partly healed, but still raw No 45 had a large island of black pigment 
on the posterior furrow region of the left side 


R 2 


* Op cit , 176 
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There are frequently exten‘^ive white patches on the dark area, 
caused by the chafing of the whale against the side of the steamer 
as it IS being towed in These, however, are easily distinguished from 
the naturally unpigmented areas 

(&) Ventral Furrows — In the Finner the number of pectoral furrows 
is exceedingly variable We found a maximum of eighty-four, and a 
minimum of fifty-four In nearly half of the cases a median furrow 
could be distinguished, the presence of which appears to have escaped 
notice up to the present The number was estimated by finding the 
median furrow, and counting all those between it and the pectoral 
fin of the side which happened to he uppermost As the fin is 
approached the furrows become less marked, and it is not easy to 
discern the furrow nearest the fin The skin in the axillary region 
is much folded longitudinally, which fuithei complicates matters 
By doubling the number of furrows thus counted and adding the 
unpaired median an estimate of the total number was made The 
furrows in the smallest foetus (3 ft 11 in ) weie represented by 
mere lines, and could not be counted with accuracy The folds of 
twenty-seven specimens were counted, of which twelve had no dis- 
tinguishable median furrow The average depth of these furrows 
was about 68 in (deduced from eight measurements), and the average 
horizontal distance between points above the middle lines of the same 
number of furrows was 1 85 in , varying from 1 37 in to 1 96 in These 
measurements were taken from a portion of blubbei lying on the 
plane and not stretched in any way 

It IS essential that the counting should always be made in the 
same position, as some of the folds do not run the whole length of 
the furrowed area There does, however, appear to be a certain 
amount of uniformity in the folding, the shorter folds corresponding 
with each other in different whales, if not with absolute accuracy, at 
any rate nearly so 

(c) Tongue — The coloui of the tongue as a whole is dark grey, 
but the area w^hioh is the morphological upper surface which is 
distinguishable from the morphological lower suiface, slndes off into 
pink towards the ' tip ' 

2 Blue Whales (B sibhaldiiy Giay) 

Colouration — The only point to which I wish to driw ai^tention is 
that there are some curious maikmgs on the skin, especially ven 
trally, but not confined to that aspect These markings take the form 
of curved, darker and lighter lines radiating from a common centre 
The area of such markings is about 8 in long and 4 in wide Where 
there is a number of markings crowded together the appearance of 
the skin forcibly reminds one of the pattern produced on the surface 
of ‘ galvanised iron ’ These markings occur in considerable abundance 
on large areas of the skin 

3 Sejhval (B borealis, Lesson) 

External Chamcters — The solitary example of this species taken 
was a female Although a small species (this specimen w^as only 
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46 ft 7 in long) it has a robust figure, and the dorsal fin is of great 
height as compared with that of the Finner This specimen had been 
lying at the buoy from Thursday afternoon until it was hauled up 
on Saturday morning, and was therefore considerably decomposed 
The dorsal surface was dark grey, as was also the post-anal area of 
the ventral surface The pre-anal region was for the most part of 
white colour, asymmetrically ananged Theie was a considerable 
amount of black blotching towards the left side of this area, and on 
this side the white area was continued backwards in a large patch 
There was no white patch coriesponding with this on the right side 
The symphysis was pigmented, and here there was a whorled design 
similar to that on the skin of the Blue Whale as described above 
The upper lips and the lower side of the anterior end of the rostrum 
were nearly black, and were finely tuberculated The inner (palmar) 
surface of the pectoral fins was pale, streaky, greenish grey, with 
black streaks intermingling with the less dark flecks The right side 
was a dark grey, nearly black This may have been due to the fact 
that the right side had been more exposed to the sun than the left side 
as the animal lav at the buoy 

The ear aperture was small The tongue presented an area which 
could be more readily recognised as the dorsal surface than in the 
case of the Finners 

4 Humpback {Megaptera longvmana, Eud ) 

External Characters — The form of the smgle specimen taken was 
lobust, reminding one somewhat of the figure of the Sperm Whale 
The doisal fin was placed far back and was much falcated, and of 
model ate height The colour was slate chocolate, but very dark, 
almost black Pure white, splashed, ring like marks occurred on the 
lower jaw and on the dorsal side of the pectoral fin The outer sides 
of the light mandible and of the light upper ]aw were white, but 
on the left only the inner sides were unpigmented The ventral 
surface of the flukes was white The ventral folds were few in 
number (23), and wide, running up the centre of each groove was 
1 low ridge about 375 in high, ot triangular section The folds 
were about 4 in wide and 5 in apart The median fold, with the 
next on each side, also the fold next the right pectoral fin, were mere 
nairow grooves 

There was a deep groove running from the angle of the jaw 
downwards and backwards to a point about one-third of the width 
of the pectoral fin from its anterior margin Another groove ran 
fiom a point a little above and in advance of the teimination of this 
groove to a point somewhat behind the posterior margin of the 
pectoral, and a little above it Unlike the small external auditory 
apertuie of the Balsenopteridb the opening in this specimen was 
8 in long The upper suifate of the snout had the chaiacteiistic 
knobs of the species In the luid doisal line theie weie five, the 
first being 11 in from the tip of the snout, and the last 13^ in fiom the 
spiiaclc The spaces between the knobs, lunning fiom the snout, were 
lOi, 18, 12^, 23 J in lespectively There weie also two series of 
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lateral knobs, following the margins of the rostrum, nine on each side 
m a consecutive row Inside these rows, at their posterior ends, 
was a second series of four knobs on each side The knobs of the 
inner, short row were set beside those of the outer row, formmg 
pairs with them But the two sides were not symmetrical Thus, 
if the knobs of the outer row are numbered 1 to 9 from before back- 
wards, on the left side 7, 8, and 9 were paired, and there was a 
single knob of the inner row behind the termination of the outer 
series On the right side 6, 7, 8, and 9 were paired, and 
there was no unpaired knob posteriorly Several of the left-side 
knobs had a hair on the summit, which suggests that the knobs may 
be overgrown hair-papillae, and their arrangement does coi respond 
fairly closely with the arrangement of the hairs of Balcenoptera On 
the symphysis there were four knobs on the right side and five on 
the left In each case there was a vertical row of three The knobs 
varied in size, a large one being 2 in high and 4 m across the base 
The eye appears to be rather more movable than in Balcznoptera 
The pectoral fin has an exceedingly irregular posterior margin There 
were seven conspicuous elevations on it, varying m length from 
10 to 27 in 


5 Sperm Whale (P macrocephalus ^ L ) 

(a) External Characters — Six specimens were examined The 
general body-colour is pale greyish chocolate, rather moie lead-like 
ventrally Between the genital aperture and the umbilicus there is 
a splashed chevron shaped mark of a pale grey colour The apex 
IS on the umbilicus, and directed forwards, the ‘ arms * being about 
4 ft apart at the tips There are also irregular grey flecks all 
over the ventral surface In some specimens the front of the head 
IS barred horizontally with streaks which are almost white in colour 
They are broadest m the middle and taper towards the ends The 
whole of the head, and in particular the anterior, ventral, and lateral 
areas, have numerous weals and sucker marks which have been pro- 
duced by the arms and suckers of the cuttlefish, which are the mam 
food of this species As might be expected from the fact that the 
suckers of many of the molluscs are armed with chitmous teeth, the 
sucker marks take the form of rings of minute pricks One such 
mark was 3^ m across The fifth Sperm Whale had a large patch 
of pure white on the umbilicus, and an extensive array of grey 
streaks on the left side in addition to the grey chevron 

(h) Spiracle — In every case the left spiracle alone was functional 
On the right side, however, afterthe blubber has been removed, there is 
a compressed cavity, approximately oval m shape, about 18 m long 
and 10 in wide, m the position corresponding with that of the obliterated 
right spiracle The lining of this cavity is heavily pigmented with 
the same colour as the outer surface of the animal There can be 
no doubt that this is the vestige of the right spiracle, although no 
passage was observed running backwards from it m the direction of 
the pharynx 

(c) Mouth — The palate and floor of the mouth have a general 
pale grey colour and have a large number of small grooves, about 
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an inch in length, running longitudinally On the palate of the first 
Sperm Whale there were two large dark blotches That on the left 
was about 8 in long, that on the right 11 in 

(d) Tongue — The tongue of Physeter affords a striking contrast 
to that of a Mystacocete It is an exceedingly hard, strong structure 
of comparatively small size, and very nearly occludes the throat as the 
animal lies on the plane with the ]aw gaping open. The tongue 
stands up from the jaw to a height of about 2 ft , and, as viewed 
from the front, presents a smooth, round wall, like the side of a 
section of wide tubing The upper surface is wrinkled, and in front is 
produced into a small projection, which appears to correspond with the 
tip of the normal mammalian tongue Prom its structure the tongue 
would appear to be of use in preventing the ingress of water during 
respiration, but in the dead animal, at any rate, this very fact of its 
nearly closing the throat gives the impression that the organ would be a 
hindrance to the swallowing of large prey That this cannot be the 
case, however, is apparent from the size of the cuttlefish which we 
found in the stomach of one specimen, as described in Section V 

(c) Teeth — Teeth occur in both jaws Only those of the lower 
jaw can, howevei, be of much practical value in the capture of food, 
as the upper jaw teeth are of small size, and often nearly covered 
with soft tissue The lower-jaw teeth are about twenty in number 
on each s’de, and are arranged m pairs, but the two teeth of each 
pair are not exactly opposite to one another 

Actual numbers of teeth in the different Sperm Whales examined — 


Number 15 
„ 16 
» 21 
,, 22 
„ 25 

„ 26 


left side 


21 

19 

20 plus 2 

24 

20 


right side 




23 

19 

21 plus 1 


23 

21 


The two most anteuoi teeth of each side pioject somewhat for- 
ward, but the majority of the teeth are neaily vortical, being some- 
what recurved in most cases and having a slight inclination outward 
The acuteness of the point is very vanable, but this may be merely due 
to differences in age of the animals One tooth w is seen which 
had been broken off, but the stump did not appear to be at all decayed 
In the palate theie is a hollow conesponding with each tooth of the 
lower jaw, into which the lattei fits when the mouth is shut 

The upper-jaw teeth aie small, irclining backwards and deeply 
embedded in soft tissue, but they do have some little use, as is 
demonstrated by the fact that in mmy cases they are much worn 
down hy contact with the lowei jaw teeth The most posterior of 
the latter are also very small, and of little use, occuning veiy far 
back There wcie no teeth in the upper jaw of Nos 16 and 26 


Number 

15 

Teeth in upper jaw — 
left side 6 right side 

7 

>» 

16 

„ 0 

99 

0 


21 

, 8 

99 

7 

»> 

22 

9 

ff 



tf 

26 

„ 7 

99 

7 

99 

26 

„ 0 

99 

0 
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(/) Dorsal Ftn — ^The dorsal fin of the Sperm Whale consists of 
a prominent elevation, which rises to a height of from 14 to 18 in 
above the line of the back The fin is succeeded by a series of about 
SIX much smaller prominences which decrease in size towards the 
tail None of these at all approaches the altitude of the dorsal fin 
They are, nevertheless, quite obvious On the ventral surface the 
keel of the caudal region is continued forwards towards the anus as 
a much more definite ridge than In the Balsenoptends 

{g) Flipper — ^The shape of the flipper is somewhat variable In 
No 21 the left pectoral appeared to have been damaged at some 
penod, as there was a large notch on the preaxial side of the tip 

(h) Spermaceti — ^In every specimen the quantity of this substance 
was large, usually constituting about one-third of the total oil yield 
of a whale of this species It occurs all over the body as well as in 
the head, but no attention is paid to it except in the head, the rest 
merely contributing to the general production of ‘ sperm oil ’ In 
the head there are three extensive cavities, an anterior single cavity 
and two lateral cavities They all occur in the interior of a huge 
mass of exceedingly dense, fibrous connective tissue, which, when 
drained of spermaceti, is of a snowy whiteness This mass con- 
stitutes the great bulk of the head, and rests upon the large cup 
like structure formed by the bones of the rostrum The cavities 
do not appear to possess definite linings, and when the oil runs out, 
masses of light, spongy tissue filled with the liquid fat run out also, 
as if they had been loosely attached to the walls of the cavity Thev 
are probably liberated by the instruments introduced through the wall 
of the cavity m the process of tapping the spermaceti 

The following is the method of tapping After the whale is flensed, 
the body is cut off from the head, which is left lying on its side 
The whole head is covered by a thick coat of mixed muscle and 
tendon running longitudinally The tendons are conspicuous, and 
may be removed m consideiable lengths with little difficulty The 
cutting of the hole in this capsule is an arduous work, and may 
occupy nearly an hour A mid dorsal and an anteiior aperture are 
made, and when the cavities have been penetiated, the spermaceti 
runs out as if from a pipe A movable wooden gutter is placed beneath 
the hole, by means of which the oil is run into the two open boilers, 
in which it IS cooked 

Spermaceti is an almost colourless, tianspaient liquid, having a 
pale yellow tinge It has not any noticeable odour, and tlie flavoiu 
IS very faintly fishy, resembling that of a fresh duck egg Aftei 
boiling, the oil has a dark yellow coloui while liquid When cold, 
both before and after boiling, it sets stiff, but is not haid the con 
sistency being about that of lard The uses of this oil have been 
indicated in the Introduction 

From the position of the spermaceti, and also of the blow-hole in 
Physeter, the following function of the former may be suggested The 
food of the Sperm Whale is, in the mam, composed of cuttlefish 
such as Architeuthis As these foims are bathypelagic, it follows 
that the whales must descend to considerable depths to feed, and 

< I 
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remain submerged while feeding ’ A very rapid ascent would be 
exceedingly advantageous after a prolonged immersion, and the more 
rapid the ascent which could be made the longer the immersion could 
be continued In order to be able to ascend as speedily as possible, 
it would be of the greatest advantage to possess a large mass of some 
material, having a lower specific gravity than that of water, which 
would act as a float, and such a material spermaceti is Moreover, 
as the mass of the spermaceti is placed in the head, and as it is of 
enormous size, even compared with the great mass of a Sperm Whale, 
the animal will always ascend head first, and probably nearly verti- 
cally, with the result that the first portion of the body to come 
above the surface will be the upper edge of the snout, the precise 
situation of the spiracle It would appear, if this suggestion be 
correct, that m order to descend and to maintain a submerged con- 
dition, muscular exertion is necessary, whereas ascent is automatic, 
and is merely accelerated by swimming movements These two 
points are in keeping with the habits of the whale as indicated above 
It is possible that the astounding feat which has been credited to 
Phy^eter, that of Hurling itself bodily out of the water, is really the 
result of a hurried ascent from a consideiable depth, which has been 
so rapid that the animal has shot out of the water on reaching the * 
surface 

V — Food of Different Specie<i of Whale 

The stomachs of all the species of Mystacocetes examined con- 
tained the remains of Meganyctiphanes norvegica (M Sars), some- 
times in immense quantities Nothing else was e\er seen except 
some fiagments of flesh on one occasion, but theie can be little doubt 
that these had been driven into the stomach by the explosion of the 
harpoon No fish of an} soit weie seen in the stomachs of any of 
these whales ® 

The stomachs of the Sperm Whales in\aiidbly contained large 
quantities of cuttlefish beaks, which might be leadily divided into 
laige and small sizes but, apait from size, there was nothing to 
diffeientiate the two senes of beaks (fig 1) A practically complete 
specimen of one of the molluscs was found in the stomach of No 22 
(the fouith Speim ^Miale) The following measurements were taken 


ctn this animal — 

Ft in. 

Tjcngth of the mantle fi 0 

Oircumferenco of mantle 4 0 

T^ength of the eight short amis 6 0 

, , tentacles 21 0 

length of tail 1 7 

Width of caudal fin t 

Diameter of largest sucker 0 1 " 


In addition to this specimen, we saw fragments of others of 
approximately the same size The following specimens were pre- 
served tip of tentacle, beak and radula in liquid, and a quantity of 
beaks and part of an internal shell in the dry state An examination 

' Vide Barfield, op ci^ , p I'l'l * Vide Barfield op cit , p 178 
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of these remains leaves little doubt that the species is Architeutkis 
harveyi, Vernll ® — the caudal fin was too much digested to indicate 
whether it had been sagittate or not The distal series of small, smooth 
suckers are not now on the tentacle tip, but these again may have been 



lost owing to the same cause No soft parts of any of the smaller 
cuttlefish were found 

The molluscs appear to be qmte lively when swallowed, as there 
are scars on the heads of the whales right up to the angle of the mouth 
These have been produced by the vain efforts of the molluscs to save 
themselves Sucker-marks were seen on the inside of one of the whales' 
stomachs Two or three jawbones of some species of predaceous fish 
were found in the stomach of one Sperm Whale, but, except for these, 
nothing but cuttlefish remains were ever noticed 

VI — Notes on a Few Miscellomeom Specimens Preserved 

(a) One of the Norwegians gave us an object, taken from whale 
No 5 (Finner), which was stated to have been ‘ inside the ribs ' 
This appeals to be a pathological structure It is a flattened, oblong 
object about 2^ in long, and 2 in wide, and about f in thick At 
one point there seems to have been a peduncle The entire specimen 
has a very hard capsule of fibrous connective tissue, and is filled with 
a more or less reticulate mass, containing what may have been a coagul- 
able fluid There is a ceitain amount of calcification in the outer layers 
just beneath the capsule, and a little fat is visible on treatment with 
Sudan III The conclusion to which the stiuctures observed point is 
that this IS a region of connective tissue, which has become infiltrated 
with some pathological product, and has acquired the thick capsule in 
consequence of its abnormal condition The infiltrating material is ver-^ 
varied, in some parts it takes magenta brilliantly, while in others it 
stains in a very faint manner The more brilliantly coloured tissue 
ippears more homogeneous than that which refuses to take the stain 
The colour of the capsule is dark brownish-grey, that of the contents 
a deep cream (fig 2, No 1) 

(h) There are numerous roundish glandular objects embedded in 
the fat which lies in the mid dorsal region of the body cavity of the 
Finner and surrounds the great vessels These are lymphatic glands 
One such specimen preserved is of very inegular shape It is m 
in greatest length and in m greatest breadth (fig 2, No 2) 

• Trans, Coun Acad of Arts and Sciences^ Vol 6, Pt 1, p 197 (1880) 
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(c) A number of greenish bodies were taken from a similar position 
in the Sperm Whale The specimens are about m long, about 
2 in wide, and f in thick, at the thickest part The histological 
condition is exceedingly bad, as was to be expected from the general 
state of all the Sperm Whales which we saw There is a connective 
tissue capsule, and a great mass of the body is composed of the 
same tissue There are two or three objects which may be sections 
of medullated nerves, and a number of rather thick- walled blood- 
vessels No other structures can be recognised 

(d) The rectum of Physeter has an exceedingly well developed 
cuticular lining for the last four or six feet of its length In the 



Fig 2 — 1 Calcified Body, from Fiimer No 
3 Cysticercus, from Physeter 



5 2 Lymphatic Gland, h inner 

(All natural size ) 


hrst specimen in which it was observed the lining was detached owing 
to decomposition, but in a later example it was found to be attached 
to the remainder of the intestinal wall This lining is about in 
thick It has a pale yellow colour, and is of a consistency somewhat 
resembling that of a very hard-boiled egg It is laminated, and can 
be leadily split into layers At inegular distances on the surface 
aie hollows, penetrating partly or completely through the lining The 
edges of these hollows have a puckered appearance The line of 
junction of this lining with the mucosa of the intestine is perfectly 
sharp The lining thins out very much just prior to its cessation, 
and the edges of successive laminae are leadily observed The actual 
thickness of the lining where it comes to an end is iV in The colour 
of the mucous membrane, which is fairly tough, is a dull pink, very 
much stained with sepia Longitudinal sections of this region at 
the point of junction clearly show that this is a cuticle derived from 
the stratified epithelium of the rectum The cuticle comes to a 
very abrupt termination, where it joins the mucosa, the line of 
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junction being very obvious in the slides The epithelial layer is 
about half as thick as the cuticular 

VII — Parasites 

1 External 

(a) Balcenophilus unisetus (Aurivillius) We have nothing to add 
to Burfield's lemarks on this species 

(b) Penella (Kov and Dan ) This paiasite was observed on few 
of the whales examined, and only on the Finner Three specimens 
were preserved, which vary in length fiom 5f in to 10 in No 
males were found as a result of the examination of these females 
We frequently found white scars upon the skin of B musculus, which 
were apparently healed wounds caused by Penella The scars t<x)k the 
form of small oval marks about in long and J in wide Beneath 
the white area the epidermis is more fiimly adherent than in othei 
parts of a preserved specimen, which supports the view that these 
are healed wounds We often found open wounds on the whales, 
which had evidently been produced by this parasite 

All the Penella which we saw occurred at the beginning of the 
season, and in the latter part of it only wounds from which the 
Copepods had fallen weie obseived It may theiefore be suggested 
that the peiiod of attachment of the parasite to the whale is less 
than a year 

(c) Coronula dtadema (L ), &c On the Humpback there weie 
large quantities of this species on the tips and especially on the 
posterior margins of the flippers They were also found on the 
ventral fuiiows, and some small specimens were adhering behind 
the penis 

A number of specimens of Gonchoderma aurita (L ) occurred among 
the Coronula j as well as a good number of small specimens of Cyamus, 
which last parasite was also generally scattered over the head region 
On Physeter No 15 four specimens of Cyamus were also found on 
the throat region, where there aie a few shoit wrinkles On the tip 
of the lower jaw of Sperm Whale No 16 there w is a small colony 
of Gonchoderma aurita, while another specimen of the same species 
was taken from the second tooth of the left side of the lower jaw of 
Sperm Whale No 25 

2 Internal 

(a) Trematodes — Monosiomum plicatum (Oreplin) was found in the 
intestines of the following Fiimers 1, J, 10, 23, 24, 27, 30 

(b) Nematodes — We found nematodes, which appear to be of the 
genus ^scaris, in tlie stomachs of every Sperm Whale examined 
They are generally veiy abundant In the lenal vein of the Megaptera 
the mass of nematodes described later was found, and in the posterior 
vena cava of B sibbaldii, No 33, a solitaiy, incomplete specimen of 
another nematode was taken These worms all appear to belong to 
the StrongylidsB As mentioned later, m the digitate stiuctuie obseived 
m the veins of B must ulus nematode eggs weie found, as was also 

Op cit , p 179 
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the case in the neighbourhood of the mass of the woims found in the 
Humpback 

(c) Acanthocefhah Representatives of this group were found 
in every species except B horealm 

B muacvlus, EchtnorhynchiLa porrigena (Rudolphi), new host 
B atbbaldii porn^ensmsmallmtestine, new host 

,, „ bremcollxa (Malm) 

M longvmana „ 'porriqtnsy large intestme 

P rimcTOcephalua „ capUatua (von Linstow), new host 

„ „ brevtcoUta (Malm) 

(d) Cestodes — One of the Norwegians drew our attention to a 
large number of soft white bodies embedded in the blubber of one 
of the Sperm Whales They occurred in a more or less irregular 
manner at a depth of from IJ to 6 in from the outer surface Each 
body IS enclosed in a cyst with fibrous walls from which it is readily 
detached The accompanying figure (fig 2, No 3) is taken from a 
specimen m good condition and undistorted Sections of these bodies 
clearly demonstrate that they are the cysticercus stage of some Cestode 
The proscolex occurs at one of the poles of the long axis The 
Prince of Monaco’s account of the capture of a Sperm Whale oS the 
Azores in 1895 mentions numerous c^sticerci m the blubber of that 
animal, which are tprobably identical with those here descnbed “ 

(e) Structure found in the renal veins and posterior vena cava 
(see figs 3 and 4) 

In whale No 8 cJ, while searching for the suprarenal, we came 
across a series of short, digitate processes, hanging into the lumen 
of the vena cava at the point of entrance of the renal vein A similar 
structure occurred in whales Nos 12 (?, 13 27 30 9, 32 c^, all 
Pinners In two of the Blue Whales, Nos 17 9 and 33 9, it was 
also present, as well as in MegapterUy No 28 but in the last in 
a somewhat different form In some specimens, owing to the mannei 
in which the kidney was cut away from the body in removing the 
entrails, it was impossible to say whether the structure had been 
present or not No trace of it was found in any of the Sperm Whales 
examined 

The specimens preserved are four in number, all differing from 
one another The accompanying figures show the two largei speci 
mens Fig 3 is an example of the most digitate form This 
specimen is not actually in the renal vein, but projects from the wall 
of the vena cava close to the point of entrance of the renal vein 
The digitate processes are not actually tubular, but contain cavities 
whicli in the free ends are nearly continuous, so that the whole 
piocess is here practically a blind sac The diameter of the processes 
increases from the free end towards the wall of the vena cava The 
digitations unite at the point of attachment, and the stiucture thus 
formed is continued beyond the wall of the vein towards the kidney 
It IS most unfortunate that we were unable to preserve a specimen 

“ Vide A E Shipley, Arclitvea de Paraaitologta^ 11 , No 2, p 262, 1899 

** Bull Nat Hiat , t 1, p 308, 1895 
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a thrombus, which may m the course of tune become organised 
The organisation takes the form of a proliferation of the hbrous tissue 
of the blood-vessel wall, which in the course of time entirely replaces 
the thrombus This tissue may be supplied with blood-vessels 
Thrombi may become calcified, and the deposition of calcium salts 
IS one of the striking features of the structures under consideration 
Again, metazoan parasites have been known to cause thrombi, and 
in the cases before us it is highly probable that the nematodes have 
produced vascular lesion, or the mere presence of the eggs may have 
been sufficient to excite coagulation of the blood From either of 
these causes the thrombi may have been formed, becoming subse- 
quently organised It is interesting to note in this connection that 
pedunculated, if not digitated, thrombi have occurred m the human 
subject The thrombus m Megaptera appears to have actually enclosed 
the worms which caused it, and they have been retained by the 
subsequent organisation 

Vlli — Foetuses 

B musculus — ^None of the foetuses examined by us were suffi- 
ciently small to be of use for embryological purposes They were all 
perfectly formed, and even m the smallest (3 ft 11 in ) the ventral 
furrows of the adult were represented by mere lines 

Table VI contains a list of the foetuses, and a detailed list of 
measurements will be found in Table XII It may be noted that 
the 8 ft foetus of No 30 was mutilated by some of the workers 
before we arrived on the scene, while that of No 31 was destroyed 
before the female was opened, apparently by the harpoon explosion 
The sizes of both of these are therefore estimates only The foetus 
of No 47 (9 ft 4 in ) was m a hopeless state of decomposition, and 
very few measurements could be taken upon it 

(a) Body form — In all the foetuses which we saw the form was 
the same as in the adult, but in the smallest it was noticeably more 
robust 

(b) Colouratton — ^This character does not differ from that of the 
adult animals The dark tint is found in the same situations The 
smaller foetuses are very much less pigmented In the 3 ft 11 m 
foetus the whole skin was gorged with blood, and the black colour 
was confined to the following localities back, tip of dorsal fin, tip 
of flippers, tips of flukes, tip of rostrum, and symphysis 

B stbbaldii — One specimen, 7 ft 7 in in length, was seen The 
upper surface was pale grey, the distal part of the dorsal fin and 
the external mouth parts were stained with black 

IX — Breeding Season of the Balcenopterids 

A factor which may be used in attempting to ascertain the probable 
breeding season of the large whales is the sizes of the fcetuses observed 
at different times Leaving for this purpose the Blue Whale out of 

“ Macfarlane, Text Book of Pathology, 1904 ed , pp 107 8 Green, Manual 
of Pathology, 11th ed , p 66 
Green, op ctt , p 389 
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account, because very few of this species have been seen in the pregnant 
condition, the six foetuses which we saw have the following dimensions 


July 15 
Aug 7 

i> 

„ 27 
Sept 4 

»» 9 


Ft in 
15 0 

8 0 
4 0 

7 10 
3 11 
9 4 


Buifield’s table of foetuses observed in 1911 is as follows — 


July 12 


if 

if 

if 

Aug 

ft 


lb 

20 

24 

7 

11 


Sept 10 
, 18 


it m 
8 11 

4 11 

5 5 

b 0 
5 (» 

9 0 

9 0 

9 3 


The young whale appeals to be about 20 ft long when bom 
If the size of the foetus is pioportional to the length of gestation 
which has elapsed since paiiing until the time when the foetus is 
measuied, and if the peiiod of gestation is ten months,^" then the 
foetuses found must have been the lesult of pan mgs at appioxiinately 
the times given opposite each in the table which follows — 


July 15 
Aug 7 
„ 7 

,, 27 
Sept 4 

•B 


Ft 

15 

8 

4 

7 

3 

9 


in 


0 

0 

10 

11 

4 


0 age months, paiiing took place Jlceomber-January 
0 „ t „ „ „ Apiil (beguming) 

2 „ , , Tunc 

4 „ „ „ Apiil (end) 

2 „ „ „ July (bcgiimiUo) 

5 „ „ „ May 

Piubuing the same idea w'lth the 1911 fcetiiscs, we have — 

It m 

July 12 8 11 \ge 1], mouths, puj mg took i)Uee Mai eh (bogummg)u 

„ lb 4 11 „ 21 , „ „ Miy (beginning) 

„ 20 8 5 ,, 1‘ , , , Mdich (beginning) 

„ 21 0 0 „ 1 „ „ „ April (end) 

Aug 7 5 b „ } „ „ „ May 

„ 11 9 0 „ 5 „ „ „ March-Apiil 

bept 10 9 0 „ 5 „ „ „ May (beginning) 

,,18 9 3 ,, 5 ,, ,, ,, May 


These tunes can only be legarded as appioxiniate, even if the 
piemises upon which tliey are based be eoiieet It is, howevei, 
suggested by this tible that paiiing may take place at any time 
between the end of December (the first in the 1913 senes) and the 
beginning of July (fifth in the 1913 table), at intervals of loughly 
two months This would indicate that the Balaenopterids are, at any 
late, polycestrous, and in season m December (February^), April, and 
June All females would not be fit for breeding actually simultane- 
ously, but the precise time would vary for different individuals, and 

“ Burfield, op cit , p 155 
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this would account for some pairings occuiring at such times as the 
beginning of July or the beginning of May 

Such cases would belong to the June and April cestia respectively 
It IS probable that such an arrangement would be advantageous 
As the whale is a pelagic animal and individuals are widely separated, 
a frequently recurring bieedmg condition would be of great advantage to 
an animal m which pairing is to a gmatei oi less extent casual The 
above suggestion, which was oiigmated by Mi Daniel, appears to afford 
a possible explanation of the extraoidmaiy vai lability in the sizes of the 
foetuses, apparently without regard to the season, a circumstance which 
the idea of a definite monoestious condition does not elucidate (It is 
interesting to note that on June 13, 1913, at the Inishkea Station a 
foetus only 5 in long was found, which must have been but a week or 
two old, 2 e , of the June pairing, according to the preceding method 
of reckoning the pairing times It was, most unfoitunately, not possible 
to pieseive it ) 

X — ‘idditionaL I^otcb 

(a) Extinction — The whalemen state that of the whales which 
they see they aie able to take only about one in ten The animals 
aie therefore perhaps not m immediate danger of being ictuilly killed 
out The most serious risk lies m the fact that the laigcst, and 
thriefoie the adult, whales are being exteiniinaicd Tiuo gives as tlu 
minimum length of adult animals 55 ft 7 in , as no piegnant females of 
less dimorisions have been recorded Now the wdialers will take any 
thing over 40 ft , with the result that the aiiiirials which have attained 
sexual matiinty aie in the giavest driiger of being killed out That tlu 
hugest whales arc being exterminated, the fall in genei il si/c at Blacksod 
between 1911 and 1913 may indicate This merns that the whales 
which are capable of leproductioii are being dcstio^cd By the time 
that it is no longer profitable to hunt whales, it a])peais likely that the 
adults will have been so thnnicd out that tliey will no longer be able to 
reproduce with sufficient piofusion to componsatc foi natinal casualties 
When this occurs the whales will bo well within sight of extinction 
(5) Capture of Blue Whalcb — Of all tho species winch it is profit 
able to pursue the whalers state tliat the Blue \\ halt is the wildest, 
and they will not hunt this species if other game is to be hid A 
Blue Whale on peiceiving the pulsations ol the piopellei of the 
appioaching steamei is usually startled, and, if alarmed, at once 
lushes off at full speed Since this represents something lik( tweiit} 
miles per hour, it is quite useless foi the boat to pursue the fleeing 
animal, the speed of tho steamei being only Itn or twelve miles per 
hour When the whalers are bent on catching i Blue Whale, it is 
sometimes necessary to accompany the animal for three or foiii days, 
until it becomes accustomed to the presence of the steamer, which can 
then approach wnthin range, and the whale is speedily disillusioned as 
to the harmlessness of the now familiar object 

(c) Migration Movements — ^During the earlier part of the season 
the Mystacocetes are stated to travel m a north easterly direction, 

Barfield, op ext , p 153 
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during the later part in a south-westerly If this be so, it may be 
concluded that the latter is the leturn journey of those whales which 
have passed north in the beginning of the season 

The solitary Humpback, taken on July 25, was moving in a direc- 
tion the reverse of that which the Finners and Blue Whales were 
pursuing at the same time 

The only Sejhval which was captured was brought in on Septem 
ber 6, a fact which is to be noted in connection with the whalers* 
statement to Burfield,^^ that the Sejhval disappears by the end of June 

The following is the explanation which the whalers give of 
the occurrence of Sperm Whales in these Northern waters In the 
Southern seas each adult male is the leader of a herd of females, and 
as the young bulls approach matuiity they are driven off by the old 
leader - These young bulls do not become leaders of herds, as they are 
inferior in strength and size to the fully adult males But w hen fully 
grown they seek out herds, and contend with the leaders for the 
possession of the females If the old males are then driven off, they 
become solitary wanderers, and frequently travel up into the North 
Atlantic In connection with this theory it may be mentioned that 
the Sperm Whales taken at Blacksod and Inishkea are all males, and 
of great size for Sperm Whales, which seldom exceed 60 ft , the 
average lor the ten Blacksod specimens being 67 ft m , while 
the smallest was 53 ft 


Table I — B musculub Table of Specimens Taken 


Number 
of Whale 

Date when 
Measuied 

Sox 

Total 

Length 

Numbei 
of Whale 

Date when 
Measuied 

bex 

lotal 

Length 





Ft 

in 1 





Ft 

m 

— 

May 

lb 

— 

59 

<> , 

14 

July 

5 

9 

54 

7 

— 


28 

— 

b2 


18 


11 

? 

59 

4 

— 


31 

— 

59 

6 I 

19 


15 

$ 

b7 

i 



June 

14 

— 

61 

b 1 

20 


15 

C? 

59 

3 

— 


19 

— 

61 

® i 

23 

99 

20 

9 

48 

7 




20 

— 

53 

0 

24 


20 

9 

53 

7 




21 

— 

68 

6 

27 


25 


66 

0 




22 

— 

61 

6 

29 

Aug 

5 

9 

57 

5 

— 


22 

— 

64 

6 

30 

99 

7 

9 

b9 

8 




22 

— 

64 

b 

31 

99 

7 

9 

b5 

0 




23 

— 

64 

6 

32 


16 


57 

7 

1 


26 

$ 

69 

4 

35 

99 

27 

9 

63 

3 

2 


2b 


50 

7 

36 

99 

28 


58 

5 

3 

99 

28 


64 

1 

37 

99 

29 

9 

62 

3 

4 

99 

28 


63 

1 

38 

99 

29 

9 

55 

2 

5 

99 

30 

cT 

64 

0 

39 

99 

30 

c? 

58 

3 

6 

99 

30 

? 

66 

9 

40 

99 

30 

9 

60 

8 

7 

July 

2 


61 

0 

41 

Sept 

1 


56 

2 

8 

99 

2 


62 

0 1 

42 

99 

2 


61 

6 

9 

99 

3 


60 

0 

43 

99 

4 

9 

59 

10 

10 

99 

3 


55 

2 

44 

99 

5 


52 

10 

11 

99 

3 


58 

1 

45 

99 

5 

c? 

58 

0 

-.12 

99 

4 


55 

0 

' 47 

99 

8 

9 

62 

8 


99 

4 


46 

7 

1 

99 

8 


63 

5 


Op ett , p 154 
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Table II — B ^Maldit List of Specimens 


Numbei 
of Whale 

Date when 
Measured 

Sex 

Total 

Length 

Number 
of Whale 

Date when 
Measured 

Sex 

Total 

Length 

17 

July 10 

9 

Ft in 
78 2 

34 

Aug 20 

9 

Ft in 
68 6 

33 

Aug 18 

9 

70 7 

49 

Sept 9 

9 

68 0 


Number of 
Whale 
4G 


Table III — B horeal%8 One Specimen 
Date when Measured Sex 

Sept 6 $ 


Total Length 
Ft in 
46 7 


Numbei of 
Whale 
28 


Table IV — M longtmana One Specimen 

Date when Measuied Sex 

July 25 ^ 


Total Length 
Ft m 
45 8 


Tabj t V — Phyaeter macrocepkalua List of Specimens Taken 


Numbei 

Date when 

Sex 

Total 1 

Numbei 

Date when 

Sex 

1 Total 

of Whale 

Measuied 

Length 

of Whale 

Measuied 

1 Length 




Ft 

in 




Ft in 

— 

May 26 

s 

57 

9 

16 

Tuly 9 


1 56 

3 

— 

„ 26 


61 

4 

21 

, 10 

(? 

60 

6 

— 

31 


62 

6 

22 

18 


57 

3 

— 

Tune 14 


60 

5 

25 

„ 23 

e 

53 

0 


July 8 


57 

5 

26 

2'> 


, 56 2 


Table VT — Foetuses B muaculua 


No of 
Parent 

Date when 
Measured 

Sex 

lotal 

Length 

19 

July 15 


Ft in 

15 0 

30 j 

Aug 7 

9? 

8 0 (circ ) 

31 


— 

4 0 (circ ) 

35 1 

1 .. 27 

$ 

7 10 

43 

1 Sept 4 

s 

3 11 

47 

8 

6 

9 4 



Table VII — B axhhdldu 

One foetus 


No of Parent 

Date when Measured 

Sex 

Total Length 
Ft in 

33 

Aug 18 


8 0 
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Occupation of a Table at the Zoological Station at Naples — 
Report of the Committee , consisting 0/ Mr E S Goodbich 
(Chairman), Dr J H Ashwobth (Secretary), Sir E Eay 
Lankesteb, Professor W C McIntosh, Dr S E Habmeb, 
Professor S J Hickson, Mr G P Biddeb, Di W B 
H^bdy, and Dr A D Wallbb 

The British Association table at Naples has been occupied since the 
beginnmg of October 1913 by the Hon Mary E Palk, and from 
March 17 to April 15, 1914, by Mrs H L M Pixell-Goodrich An 
application for the use of the table in September and October has been 
received from Mi J Mangan, M A , Government School of Medicine, 
Cairo ^ 

The following reports have been received — 

The Hon Mary E Palk reports ‘ I have occupied the Naples table 
of the British Association since October last I have been engaged on 
a revision of Professor Anton Dohrn’s monograph of the Pycnogonida 
of the Bay of Naples The work is slow because of the difificulty of 
piepanng these animals, and the modifications I have made to Dr 
Dohrn’s work are chiefly histological I have been unsuccessful in 
my attempts to study the habits of the living animal I do not yet feel 
justified in publishing the results of my researches, as most of my 
conjectures require further proof, which it is not always easy to obtain ’ 
Mrs H L M Pixell-Goodrich leports From March 17 to April 15, 
1914, I occupied the British Association table at the Stazione Zoologies, 
Naples During this time I searched for parasitic Protozoa in various 
marine invertebrates, and investigated chiefly stages in the development 
and sporogony of Lithocystis and Urospora of Echinocardtum cordatum 
and Gonospora of Glycera siphonostoma The results of these lesearches 
I Hope shortly to publish * 

The Committee being wishful to encourage zoologists and physi- 
ologists to apply for the use of the table, and believing they aie often 
deterred from applying by an exaggerated idea of the expense involved, 
prepared a statement giving an estimate of the cost of going to and 
living in Naples A copy of this statement was sent to every zoological 
laboratory and most of the physiological laboratories in the United 
Kingdom It is hoped that increased use will be made of the excellent 
facilities which the table offers for the prosecution of researches in 
Zoology and m the Physiology (including the chemistry) of marine 
organisms 

In the report for last year attention was drawn to the sum of 501 
remaining in the hands of the Committee Professor Hickson, on 
retiring from the Chairmanship of the Committee, transferred this sum 
to the present Chairman The Committee have therefore required only 
501 from the Association this year to complete the sum due for the 
upkeep of the table 

The Committee ask to be reappointed with a grant of 1001 
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Marine Laboratory, Plymouth — Report of the Committee, con- 
sisting of Professor A Bendy (Chairman and Secretary), Sir 
E Kay Lankester, Professor Sydney H Vines, Mt E S 
Goodrich, and Professor J P Hill, appointed to nominate 
competent Naturalists to perform definite pieces of work at 
the Marine Laboratory, Plymouth 

Since the date of the last report the use of the table has been granted 
to Ml I S Dunkerly for one month foi the pin pose of investigating 
Protozoa, especially those parasitic in fish 


Experiments in Inheritance — Final Report of the Committee, 
consisting of Professor W A Herdman (Chairman), Mr R 
Douglas Laurie (Secretary), Professor R C Punnftt, and 
Dr H W Marett Tims, appointed to enable Mr Laurie 
to conduct su(h Experiments (Drawn up by the Secretary ) 

The experiments were commenced in December 1907 with the object 
set forth in the first interim report presented to the Dublin Meeting of 
the Association m 1908 They were brought to an end in 1911, and 
some of the results summarised in the report to the Poitsmoiith 
Meeting that year \ more detailed account is now given in this 
final report 

The data concern in the mam two matters (A) the inheritance of 
yellow coat colour in mice, and (B) the inheritance of dense and 
dilute colourations in mice 

The following dense colours have come under my notice during 
the experiments yellow, golden-agouti, cinnamon agouti, black, and 
chocolate On the presence and absence hypothesis, 

homozygous golden agouti may be represented by zygotic formula yy GG BB Ch Ch 
„ cinnamon agouti „ „ „ yy GG bb Ch Ch 

„ black „ „ „ yy gg BB Ch Ch 

„ chocolate „ „ „ yy gg bb Ch Ch 

where Y == factor for yellow colour (not barred) 

G „ barred arrangement of yellow colour found m hairs of 

agouti (grey) mice 
B = , „ black colour 

Ch „ chocolate colour 

Yellow appears to be always heterozygous, and zygotio formulae representing 
various kinds of yellow mice may be amved at by rep'acmg yy of the above senes 
by Yy 

Each of the above colours may occur m a dense form, in which the 
pigment is densely deposited, or in a dilute form, these dense and 

M 2 
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1(4) (5) 79 ^ (ex blue X yel ) x 1053 $ (ex \el x \el ) 2(1289$) 

1349* (ex yel x yel) x 1183 9 (ex black x yel ) 3 

1040 (ex sil fawn „ ) x 1092 $ (ex blue x yel ) 2 

235 (ex choc „ ) x 1184 $ ( „ „ „ ) — 


EXPERIMENTS IN INHERITANCE. 
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dilute conditions are allelomorphic, and may be represented by 
presence or absence of the factor D 

Further, any of the above conditions may be piesent potentially, 
but remain undeveloped in absence of some coloui -activating material 
which may be repiesented by factoi 0, m the abtence of this factor 
the animal is an albino 

A The Inheniance of Yellow Coat Colour in Mice 

In the fiifat place, all my yellow mice appeal to be heteiozygous in 
respect of their yellow coat coloui , none which have been fairly tested 
brewing true to yellowness, but on the other hand giving offspiing 
which include, in addition to yellows, a proportion of individuals 
whos^ colour is other than yellow Yellow is incompletely epistatic 
to black and chocolate I find that, as Durham points out, black 
pigment may be present in the haus of yellows throwing blacks, and 
chocolate pigment in the hairs of vellows throwing chocolates 
Moreover, the degree of development of these other pigments in the 
hairs vanes a good deal during the life of the animal 

The tendency to abnormal fattening of yellow mice pointed out by 
Durham was also evident m the mice used by me 

I arrange the matings which concern yellow mice in two tables 
yellow X yellow, and yellow x other colour The aJbbreviations in 
brackets indicate the immediate parentage of the mice concerned 
Where the heterozygous nature of a yellow mouse is not shown in 
the table by its offspring a note is added of some additional mating 
showing it to be heterozygous (see tables on pp 164, 165, and 168, 
169) 

I In regard to the matings yellow x yellow given m the table 
on pp 164 and 165 certain points may be noted 

(a) Twenty-six of the mice used were derived from the cioss 
yellow X yellow, and expectation was that at least one-thnd of 
these would prove to be true-breeding yellows There are only two, 
however (marked with asterisk), which could possibly answer to this 
condition, and there is no evidence about them beyond that given in the 
table It will be seen that they produced only two and three young 
respectively Matings with other mice designed to test them 
gametically proved sterile It would evidently be inappropriate to 
quote these as examples of mice homozygous m yellow 

(b) The total number of offspring is 72 yellow and 41 other 

colour On the theory that yellow-bearing gametes do not conjugate, 
one would expect the ratio 3 1, from which the calculated result of 

the above matings would be 84 75 28 25, a very poor approximation 
indeed On the alternative theory that the yellow-bearing gametes do 
actually conjugate but that the zygotes so produced pensh before 
birth, one would expect the latio 2 1, from which the calculated 

result would be 75 3 37 6, a very close approximation to the experi- 
mental figures The lattei suggestion, moreover, harmonises with the 
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combined results of Ou^not, Castle, and Durham Adding my own 
results to those of the other observers named, we find — 



Yellow 

Other colour 

Ca4not 

263 

100 

Castle (1910) 

800 

435 

Durham (1911) 

448 

232 

Laune 

72 

41 

Expenmetital 

1583 

808 

Calculated 2 1 

1594 

797 


It is of interest to find this anomalous result confirmed fiom 
experiments with an additional independent strain of mice 

(c) The number of young m a litter from yellow x yellow winch 
survive to an age at which their colour is determinable is small, 
averaging only 3 64, as against 4 58 among mice of other colours Tt 
is possible that this is associated with the hypothetical abortion of 
zygotes homozygous in yellow Ou^not and Caisile find a simihr 
though smaller ditference in size of family, but, on the other hand, 
Durham does not (See Appendix A ) 

IT The table on pp 168 and 169 shows a list of matings of yellow 
X other colour One notes 

(a) The 64 matings of yellow x other colour give 131 yellow 
125 other coloured young, expectation being, on the supposition that 
all the yellows were heterozygous, 128 128 

(b) There were 36 yellow mice involved in the matings, of which 
11 were known from their parentage to be heterozygous The 
lemaining 25 were derived from yellow x yellow, and one-third at least 
of these should have been gametically pure to yellow and have given 
only yellow young when mated to mice of any other colour But all 
save one, and this had a couple of youngsters only, threw some othei 
colour m addition to yellow 

(c) Of the 25 yellow mice ex yellow x yellow 14 are recorded also 
in the list of matings of yellow X yellow, so that 11 remain to be added 
to the 26 of the other list, making 37 yellow mice of which both 
parents were yellow, and of which none, on being tested adequately, 
proved to be homozygous, though about a dozen should have been so, 
even assuming both the yellow parents to have been in each case 
heterozygous 

(d) The number of young in a litter from yellow X other colour 
which survived to an age at which their colour was determinable 
averages 4 74, much the same as in the case of matings in which both 
parents are some colour other than yellow, where the avenge is 4 58 
There is no reason associated with the theory of abortion of zygotes 
Y Y why this should be otherwise There is, of course, no opportunity 
for the formation of such zygotes in the mating of yellow x other 
colour 
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125 

Calculated 128 128 
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Some of the yellow mice were mated with albinos, as I wished to 
discover and eliminate strains carrying albinism These matings were 
thus incidental, but may nevertheless be put on record as follows — 


Yellow X Albino 

Yellow 

Black, 
i e , dense 
black 

Blue t e , 
dilute 
black 

Choco 
late, t e , 
dense 
chocolate 

Silver- 
fawn, « e , 
dilute 
chocolate 

Albino 

Total 

(j 

X 

? 1 



2 







2 

4 

(j 

X 

? ! 

— 

1 

— 

— 

— 

1 

2 

6 

X 


1 

2 

— 

— 1 

— 

4 

7 

<? 

X 

9 ' 

— 

2 

— 

— 

— 

5 

7 

$ 

X 

3 , 

— 

1 

— 

— 

— 

1 

2 

9 

X 

3 1 

2 

2 

] 

— 

— 


6 




3 

10 

1 





14 

28 

S ' 

X 

? 

2 

2 

— 

2 

— 

— 

6 


X 

$ 

4 

2 

— 

— 

— 

— 
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X 

? 
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— 

— 

2 

— 

— 
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<J 
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X 

9 
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1 '' 

1 — 

1 
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1 

3 

X 

9 

5 



— 

— 

1 — 

5 

9 

X 

3 

2 

2 

1 1 

— 

1 

— 

6 

9 

X 

3 

— 

1 

1 

2 

— 

— 

4 

$ 

X 

3 

4 

3 

— 

— 

— 

— 

7 

$ 

X 

3 

3 

2 

— 

— 

— 

— 

5 

9 

X 

3 

2 

1 

— 

— 

— 

— 

3 

Observed 

45 

33 

3 

19 

1 

14 

115 







-V— — 

— 








56 




Calculated 

50 5 


505 





It does not appear necessary to discuss the above matings 
individually, but one notes — 

(a) In those litters where albinos are present the proportions of 
coloured and albino young agree with expectation Equality is ex- 
pected, the numbers are 14 14 

(b) Among the coloured offspring 45 aie yellow and 66 other colour, 
expectation being equality since all the yellow parents are known to be 
heterozygous either from then parentage or from some other mating 

General Remlis of the Present Experiments on the Heredity of Yellow 
Coat Colour tn Mice 

Firstly, to confirm in a different strain of mice the evidence that 
yellow mice occur only in the heterozygous condition , and secondly, 
to support the view that m the mating yellow x yellow, zygotes of the 
formula Y Y are actually formed, but are abortive 
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B Den&e and Dilute Colourations 

Each colour in the epistatic senes has its dense and dilute form, 
density and dilution forming an allelomoiphic pair Density may be 
thought of as due to the presence of a factoi D and dilution as due to 
the absence of this factoi My investigations concern the dense and 
dilute forms of black and chocolate 

I was led to investigate this matter tluough the appearance, 
recorded in my 1908 report, of black, blue, and chocolate young in a 
litter from the mating of two blacks, and the fact that a paiticular 
yellow mouse thiew blacks when mated with chocolate, and blues 
when mated with blue While working the matter out. Miss Dui ham’s 
account (1908) of similar experiments appeared The details I now 
publish confirm her work, while showing that 0u6not’s suggestion that 
chocolate is the dilute form of black is untenable I am able to add 
some further types of crosses to those recorded by Durham, which give 
the expected results 

Evidence against GudnoVs suggestion that chocolate is the dilute 
form of black and in favour of the view — 

a That chocolate carries the factor for dense deposition of pigment, 
and that silver-fawn is the condition of chocolate in which this factor 
IS absent, 

b That black carries the factor for dense deposition of pigment, 
and that blue is the condition of black in which this factor is absent 

Black and chocolate are the two lowest terms m the epistatic 
colour series 

Chocolate homozygous (DD hb) x blue homozygous (dd BB) 

Fj black (Dd Bb) 

F] 15 black 4 blue 3 choc 1 sil fawn 

1110 ex pair blacks of unknown 


parentage 



16 

5 

4 

1 





44 

17 

17 

8 

Durham 




60 

22 

21 

9 

observed 




63 

21 

21 

7 

calculated 9 3 

3 

1 ratio 



Black homozygous (DD BB) x sdver fawn (dd bb) 




black (Dd Bb) 







6 black 

2 blue 

3 choc 

1 sil fawn 





67 

21 

20 

5 

Durham 




72 

23 

23 

6 

observed 




69 75 

23 25 

23 25 

7 75 

calculated 9 3 

3 

1 ratio 

The above two types of di-hybnd matings substantiate the 

View above 

stated 

Further matings, all 

in harmony with this view, 

are 


Bloch carrying sitver fawn (Dd Bb) 

X stiver faum (dd bb) 

F, 

2 black 

1 blue 

0 choc 

2 ail fawn 

observed 




125 

125 

125 

125 

calculated 1 1 

1 

I ratio 
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Wteh carry%ng blue (Dd BB) x eilwr fawn (M 66} 

Fi 1 black 4 blue obseived 

2 5 2 5 calculated 1 1 ratio 

Black carrying chccolaie (DD Bh) x silver fawn (dd bh) 

Fx 14 black 10 chocolate observed 

12 12 calculated 1 1 ratio 

Black carrying blue (Dd BB) x black carrying silver fawn (Dd Bb) 

Fx 2 black 1 blue observed 

2 25 0 75 calculated 3 1 ratio 

Black carrying blue (Dd BB) x black carrying chocolate (DD Bb) 
Fx 4 blacks observed 
4 calculated 

Black X chocolate 

Black homozygous (DD BB) x chocolate homozygous (DD bb) 

Fx black (DD Bb) 

F. 16 black 7 chocolate 


42 

17 

Durham 

58 

24 

observed 

61 5 

20 5 

calculated 3 1 ratio 


Black homozygous (DD BB) x black carrying chocolate (DD Bb) 

Fx black Four matings gave 16 black young 

Black carrying chocolate (DD Bb) x chocolate hoino/ygous (DD bb) 

Fx 4 black 4 chocolate observed 

4 4 calculated 1 1 ratio 

Black X blue 

No matings DD BB x dd BB, but Fx from black (DD BB) x black carrying 
blue (Dd BB) gave lb black young as the icsult of three matings 

F 2 None of the Fx generation wcio mated, but the following lesults of matings 
between blacks unconnected with the above aic such as would be expected if both 
blacks carried blue (Dd BB) 

DdBB DdBB 

33 ^ X 35 $ gave 5 black 2 blue 
3} X 35 § „ 3 1 

33 ^ X 3b S „ 7 2 

26 X 23 $ „ 1 1 


lb 

b 



50 

13 

Durham, Fj 

fiom black x blue 

6b 

19 

obseived 


b3 75 

21 25 

calculated 3 

1 ratio 


ChocokUe x silver fawn 

Chocolate homozygous (DD bb) x silver fawn (dd bb) 

Fx chocolate (Dd bb) 

Fa 14 chocolate 7 silver fawn 

3 1 ex pair chocs of unknown parentage 

17 8 observed 

18 75 b 25 calculated 3 1 ratio 
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Durham did not carry any mating of the above type mto the F3 generation 

Chocolate carrying silver fawn (Dd bb) x silver fawn (dd bb) 

Fi 7 chocolate 10 silver fawn observed 

8 5 8 5 calculated 1 1 ratio 


Blue X silver faim 

No matings dd BB x dd bb But, as above recorded, a black carrying blue 
(Dd BB) X silver fawn (dd bb) gave black and blue in Fi 
Fa from these F^ blues (dd Bb) 

2 blues 2 silver fawns 


4 s 

1 

ex pair blues of unknown parentage 

6 

3 


46 

17 

Durham 

52 

20 

observed 

54 

18 

calculated 3 1 ratio 



Sdver fawn x 8%lver fawn 


Silver fawns should breed true, since they represent the lowest term of the epistatio 
colour senes associated with absence of factor for dense deposition of pigment 
Zygotic formula dd bb 

Five matings between silver fawns gave 28 silvei fawn young 


APPENDIX A 


Average Number of Young in Intter 


Durham’s data are included for comparison, each of her a^ erases 
IS based on at least 75 litters 


Yellow 

Yellow 

Agouti 

Agouti 

Black 

Black 

Blue 

Blue 

Chocolate 

Chocolate 

Silver fawn 

Silver fawn 

Albino 

Albino 

Albino 


X yellow 
X other colour 
X agouti 

X other colour (not yellow) 
X black 

X other colour (not yellow) 
X blue 

X other colour (not yellow) 
X chocolate 

X other colour (not yellow) 
X silver fawn 

X other colour (not yellow) 
X albino 
X yellow 

X colour (not yellow) 


Average per litter 
Laune Durham 


3 64 (31 litters) 3 90 

4 74(54 „ ) 397 

3 47 
3 32 

4 83 (23 „ ) 460 

4 29 (14 „ ) 3 99 

4 24 (21 „ ) 

6 12 (26 ) 

4 32 (25 „ ) 396 

4 71 (34 „ ) 3 93 

560(6 „ ) 

4 79 (14 „ ) 

6 18 (17 „ ) 

4 60(26 „ ) 

4 19 (41 „ ) 4 27 


In the above records, both Miss Durham’s and my own, only 
those mice are counted which lived long enough for their colours to 
be determined 

The strikingly smaller size in my experiments of the average litter 
ex yellow x yellow, as compared with the other matings, is commented 
on above A lesser difference was observed by Cu6not also (yellow x 
yellow 3 38 , yellow x other colour 3 74) and Castle (yellow x yellow 
4 71, yellow x other colour 567) On the other hand. Dm ham’s 
figures warn one to be cautious as to one’s inferences 
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The data fiom which the above averages are calculated are as 
follows — 


Yellow X yellow See list 
Yellow X other colour See list 


Black X black gave 7, 6, 3, 0, 7, 9, 4, 2. 8, 4, 2, 6, 4, 4, 4, 3, 2, 6, 6, 7, 7, 3, 4 
Black X blue gave 3 
Black X chocolate gave 2, 2, 4, 2 
Black X silver fawn gave 5, 6, 6, 8, 4, 6, 2, 5, 5 

Blue X blue gave 7, 4, 4, 7, 2, 4, 3, 6, 3, 2, 3, 5, 4, 6, 6, 4, 3, 8, 2, % 5 

Blue X chocolate gave 6, 7, 6, 2, 7, 5, 6, 6, 4, 4, 7, 8, 7, 4, 3, 5, 2, 4, b, 7, 4, 7, 

3, 6, 7 

Blue X black See black x blue 


Chocolate x chocolate 7, 4, 6, 3, 6, 3, 1, 2, 2, 2, 6, 6, G, 5, 6, 2, 2, 5, 6, 6, 4, 6, 7, 
3, 5 

Chocolate x silver fawn gave 5, 3, 1, 7, 4 
Chocolate x blue See blue x chocolate 
Chocolate x black See black x chocolate 
Silver fawn x silver fawn gave 7, 3, 6, 6, 6 
Silver fawn x black See black x silver fawn 
Silver fawn x chocolate See chocolate x silver fawn 


Albino X albino gave 6, 2, 4, 6, 6, 6, 6, 4, 6, 6, 5, 4, 6, 7, 6, 6, 6 
Albino X yellow gave 6, 1, 4, 6, 6, 6, 4, 6, 7, 6, 7, 5, 6, 3, 3, 6, 6, 6, 4, 2, 7, 3, 7, 2, 2 
Albino X colour other than yellow gave 4, 3, 4, 1, 7, 2, 4, 7, 6, 8, 6, 5, 6, 4, 4, 7, 5, 
6, 3, 3, 2, 4, 1, 2, 2, 2, 4, 8, 4, 2, 5, 6, 3, 4, 6, 5, 6, 2, 5, 4, 2 


APPENDIX B 
Albtuo Mice 

I ciossed many of my mice with albinos in the piocess of testing 
their genetic behaviour There appears to be no need to set out the 
results in detail, but the following points may be noted — 

The size of litter in the three types of mating — albino x albino, 
albino X yellow, and albino x colour other than yellow — is given in 
Appendix A 

The colour composition of the litters from albino x colour con 
formed to the rules now well established for the heredity of albinism 
in mice 

Fourteen of the matings albino x colour yielded some albino young , 
the total young from these matings numbered 37 albino 30 coloured, 
expectation being equality 


APPENDIX 0 
Piebald Mice 

A piebald chocolate and-white mouse appeared in a litter born to a 
chocolate mouse bought in kindle from a dealer I bred from it to the 
Pa generation in order to assure myself that it acted as a recessive to 
self-colour 
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The Question of Fatigue from the Economic Standpoint — 
Interim Report of the Committee, consisting of Professor 
J H Muirhbad (Chairman), Miss B L Hutchins (Secre- 
tary), Miss A M Anderson, Professor Bainbridge, 
Mr E Cadbury, Mr P Sargant Florence, Professor 
Stanley Kent, Mr W T Layton, Dr T Gt Maitland, 
Miss M C Matheson, Dr C S Myers, Mr J W Eams- 
BOTTOM, and Dr J Jenkins Eobb In addition, help has 
been kindly afforded by the following Miss Mabel Atkin- 
son, Dr Wm Brown, Mr Arthur Greenwood, and Dr 
TTdney Yule 

The Committee has met four times, and has made a prelimmaiy 
survey of the subject of investigation, and has discussed the matter 
at some length 

An extensive Bibliography of Fatigue has been prepaied foi the 
use of the Committee by Miss B L Hutchins 

A short report has been drawn up on industrial experiments in 
shortening hours, also by Miss Hutchins 

Some notes have been kindly contributed by Di William Blown 
on the existing state of psychological knowledge m regard to fatigue 
A Memorandum on the provisional aims and meth^s of the inquiry 
has been drawn up by Mr Eamsbottom, and adopted by the Com- 
mittee as a basis of its futuie woik 

As a result of our preliminary survey, we have become aware that 
a considerable amount of work on the subject has been done in America 
and on the Continent of Europe, and, so far, comparatively little in 
this country 

We consider, howevei, that but little definite information exists, 
and detailed scientific investigation is badly needed, especially in 
view of the rapid development of the factory industry and the pro- 
gressive urbanisation of the working class in this country 

We propose, if reappointed, to adopt the following method of 
investigation — 

Mr Eamsbottom has defined the object of inquiry as being * to 
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ascertain the effect on physique, accident occurience, production and 
general social well being of present conditions relating to fatigue 
occurrence in industrial work, and to discuss possible improvements 
therein, and the best methods of obtaining them ' We concur with 
this definition 

We hope that Dr Maitland, being a member of oui Committee, 
will prepare a short resume of existing knowledge on the effects of 
muscular and mental fatigue lespectively We shall also endeavoui 
to ascertain what aie the mam subjective and objective detenninants 
of fatigue, e g , what is the lelative importance of musculai woik, 
mental strain, monotony, atmospheiic wet bulb temperatuie (kata 
theimometiic condition), noise, light, etc , and to discovei some 
lohable physiological quantitative index of fatigue, and the chief 
physiological effects of ovei f itigiie 

We shall considci tlie questions wliit incicasc, if any, liis occiiiicd 
ill geneial moibidity m icccnt yeais, and to what extent thi'^ can be 
ascribed to mdustiial fatigue, and what diffeience can be traced between 
the moibidity c iscs ot woikeis iii vaiious age gioups fiom fifteen 
upwaids engaged m occupations involving long houis of work oi 
specially fatiguing conditions, md those foi ill \\oikeis oi woikeis in 
fairly easy occupations 

We shall ilso coiisidoi the iiuidcnce of nulustiiil aciidciits in 
lelation to hoiiis of vork, ind the viintion m the output of woik 
pel houi dunng the day, and the output per day with various lengths 
of working-day 

We propose to give special attention to the speeding up ot 
inachmeiy, and to mqune how lai this has been iccompmied by a. 
1 eduction of hours 

We shall also considci the piobable social leactions of ovei- 
fatigue, and what general lemcdies, if any, may seem most piomising 
and hopeful 

The Committee has made i pielimmary division of the vork, as 
so sketched, among the following sub (ommittees — 


Physiological and Psychological 
Dr Maitland {Convener) 
Prof Muirhead 
Dr Myers 
Dr Bambridgo 
Dr Legge 


Industrial 
Miss Anderson 
Mr Cadbury 
Mr Florence (Com ener) 
Miss Hutobms 
Miss Matheson 
Mr Ramsbottom 


/Statistical 

Mr Layton (Convene!) 
Miss Hutohins 
Mr Ramsbottom 
Dr Yule 


And we ha^e appointed Mi Eamsbottom as hon oiganising secietary 
Foi pui poses of the foiegoing inquiiies we think it will be essential 
to obtain the services of expert and paid assistants 

The Committee ask to bo leappomted, with the addition of the 
woids ‘ social and ’ before ‘ economic,* m their terms of lefeience, and 
to be allotted a grant 
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Gaseous Explosions — Seienth Report of the Committee , con- 
sisting of Dr Dugald Clerk (Chairman)^ Professoi Dalb\ 
(Secretary), and Professors W A Bone, F W Burstall, 
H Jj Callendar, E G Coker, H B DIX0^, Drs E T 
Glazebrook and J A Barker, Colonel H C 1j Holden, 
Professors B Hopkinson and J E Peta\el, Captain H 
Ei\ll Sankey, Protessoib A Smiihells and W Watson, 
Mr D L Chapman and Mi H E Wimperis 

The decease of the Chairman, Sir William Preece, was leported to the 
Committee in December last, when a letter of condolence was sent to 
the family 

Sn William Pieece had associated himself mtiniately with the 
investigations earned out by the Committee, and contributed an interest- 
ing Note on the Kinetic Theoiy of Gases As Chaiiiiian he did much 
to help forwaid the impoitint woik on which the Committee is 
engaged both by his ^aluable suggebtioiis and by hib tactfulness and 
lesouice His loss is not only deeply deplored, but felt to bo a 
peisonal one by every inembei of the Committee 

The Vice-Ohanman, Di Dug\ld Cllrk, was unanimously elected 
Chairman 

The Coininitteo met iliicc tunes dining tlic sebbioii 19 IJ 14 at the 
City and Guilds (Engineeimg) College, Exhibition Koid, London, S W 
The following Notes were presented and discussed — 

Note 32 by Piofessoi Dalby on Suction Temperatuios dneclly 
measured and deductions therefioni, together with a summaiy of i 
senes of seventeen expeimients made at the City and Guilds (Engmeei 
mg) College on a Crossley gas engine with a cyhndei seven inches m 
diametei, stroke fouiteen inches, and with a coinpiession latio at 4 8 
Note 33 by Mr H E Wimperis on Thermal Efficiency 
Note 34 by Piofessoi E G Coker and Mi W A Scobee on 
Temperature Distiibiition in the Cylinder of a Gas engine 

Note 35 by Piofessoi W Waison on the Spectroscopic Study of 
the Combustion of Air petrol Mixtuies 

The object of Note 32 was to show how the suction teinpeiatuie 
varied with the speed, with the jacket temperature, and with the 
mixture The records given in the Note relate to trials Nos 72 to 90 
The data were obtained by a research student of the City and Guilds 
(Engineering) College, Mi Limbouine, working under the supervision 
of Professor Dalby A table included in the Note shows the variation 
in the suction temperatures, and a set of curves, also included, gives 
the temperatures of the working mixture , these indicate how the direct 
knowledge of the suction temperature can be applied to determine the 
temperatures at other parts of the cycle 

In Note 33 Mr Wimperis discusses the thermal efficiency of an 
engine using as the working agent a standard gas referred to in the first 
1914 N 
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report of the Oommittee, and using in his calculations the values of 
the internal energy defined by the curve m fig 6 of that report 

In Note 34 Professor Coker describes the method of measuring 
the cyclical temperature in a gas-engine cylinder used by him at the 
Technical College, Finsbury, and gives the results of some recent 
experiments Curves are included showing the temperature of the 
explosive charge, together with tables of the actual temperatures at 
various points in the cycle A full description of the thermo-couple 
used in these experiments is given in the Note 

In connexion with Note 35 Professor Watson showed a series of 
photographs of the spectrum of the light given, by the burning charge 
in the cylinder of a petrol engine The results show that the gases 
in the cylinder continue to emit light giving a line spectrum for a 
considerable time after the chemical changes are generally assumed to 
have been completed 

Before proceeding to consider the work carried out duiing the 
cuiient session it has been thought advisable to give a brief summary 
of the previous reports of the Committee 

Summary oj Previous Reports 

The first repoit is devoted mainly to the subject of the specific 
heats of gases at high temperatures The constant-piessuie experi- 
ments of Wiedemann, Eegnault, Holborn, and Henning are analysed 
and discussed, and a curve is given showing the energy of COj, steam, 
and ail in terms of the temperatuie Centigrade The expeiiments of 
Di Dugald Clerk aie described, and the results obtained compared 
with the constant-pressure experiments mentioned above The closed 
vessel experiments of Mallard, Le Oha teller, and Langen aie analysed 
and the results plotted and discussed 

The reportends with the discussion of thermal equilibrium, chemical 
equilibrium, the motion of a gas, and the measurement of temperature 
A curve is given showing the internal energy of a gas-engine mixture 
in terms of the temperature 

There is an appendix by Piofessor Callendar on * The Deviation of 
Actual Gases from the Ideal State,’ and on ‘ Experimental Errors in 
the Determination of their Specific Heats ’ 

The second report is mainly devoted to the subject of the specific 
heat of gases at high temperatures Eegnault’s results at low tern 
peratuies are discussed in the light of Mr Swann’s experiments, 
which were communicated to the Committee by Professoi Callendar 
The Committee definitely adopted Mr Swann’s values for air and for 
CO 2 as given below 

Volumetric heat of air at 100° C is 19 8 lbs per cubic foot, 

„ „ CO2 at 20° C 18 27 4 lbs per cubic foot, and 

at 100° C IS 30 7 lbs per cubic foot 

The lesults of the experiments made by Di Dugald Clerk with the 
object of determining the volumetnc heat of air at high temperature 
are given in the report, together with a description of Professor 
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Hopkinson’s experiments on the compression of air m a gas engine 
cylinder 

Dr Watson’s researches on the efficiency of a petrol motor are 
included in the report Dr Watson made a simultaneous measure- 
ment of the quantities of air and petrol taken into the engine and of 
the chemical composition of the exhaust gas The point brought out 
was that the ratio of hydrogen to carbon in the exhaust gas was greatei 
than the ratio of hydrogen to carbon in the petrol used Additional 
evidence of this discrepancy is furnished by some experiments of 
Professor Hopkinson, and the experiments of Hopkmson and Watson 
are in agreement 

The report concludes with an account of the experiments on radia- 
tion carried out by Professor Hopkinson 

There are two appendices one relating to Eegnault’s corrections in 
connection with the determination of the specific heat of air, and the 
other relating to Deville’s experiments on the dissociation of gases by 
Dr Harker 

The third report is devoted mainly to the consideration of the 
subject of radiation from gases A brief general history of the subject 
IS given, together with a record of the experiments of Professor 
Hopkinson and of Professor Callendar The report discusses the direct 
effect of radiation on the efficiency of internal-combustion motors, the 
amount of radiation from flames, and the molecular theory of radiation 
from gases as well as the question of the transparency of flames to 
their own radiation There is an appendix on the radiation of flames 
by Professor Callendar, giving some account of experiments made with 
a M^ker burner, a second appendix on the radiation in a gaseous 
explosion by Professor Hopkinson, and a third appendix whicli 
contains abstracts from various papers relating to the application of 
heat radiation from luminous flames to Siemens* Eegenerating 
Furnaces 

The fourth report merely notes the number of meetings held during 
the year, and states that, partly owing to the breakdown of apparatus 
and partly to the demands made upon the time of the vanous investi- 
gators, only two notes were read, consequently it was decided that 
the work then on hand should be included in the report for the 
following year 

The fifth report continues the discussion of the effect of radiation, 
and IS devoted mainly to the consideration of the factors which deter- 
mine the heat flow from the gas to the walls of the cylinder The 
remarkable effect of turbulence on the rate of combustion is first 
mentioned in this report Particulars of Dr Dugald Clerk’s experi- 
ments are given, and these experiments definitely establish the fact 
that but for turbulence the speed at which modern internal combustion 
engines are run would be impossible Professor Hopkinson ’s expeii- 
ments, in which a fan was placed inside a closed vessel and the rates 
of combustion observed with the fan at rest and in motion, are recorded 
in the report, and confirm Dr Clerk’s results 

In the sixth report the resignation of Dr Dugald Clerk and 
Professor Hopkinson from the Joint Secretaryship of the Committee is 
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reported Dr Clerk consented, however, to act as Vice-Chairman, 
and Professor Dalby was appointed Secretary 

The Committee allocated the whole of the grant to the Secretary 
for the purpose of providing him with a permanent research assistant 
to carry on the work It was stated that Professor Dalbv and Dr 
Clerk were engaged on the design of an experimental plant to be 
placed in the new laboratory of the City and Guilds (Engineering) 
College 

Six notes, relating chiefly to heat flow, temperatuie, and leakage, 
are briefly summarise 


Object of Present Report 

The following report is devoted partly to the special consideration 
of temperature measurements and subjects arising therefrom, and partly 
to the illustration of the use which can be made of the data obtained by 
the Committee 

Methods of Measuring Temperature of the Charge in a Gas-engine 
Cylinder under working conditions 

One of the problems requiring solution was the direct measurement 
of the temperature of the working agent in the cylinder while the 
engine was running under oidmary working conditions The difficulty 
of making this measurement arises from the fact that during the 



explosion of the charge in the engine cylinder the temperature is 
sometimes higher than that of the melting-point of platinum or of the 
couples which can be put in the cylmder to make the measurement 
In Note 32 is described a method devised by Professors Callendar 
and Dalby, ^ which for the first time enabled direct observation of the 


Proc Roy Soc , A , vol 80, 1907 
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suction temperature to be made while the engine was working not 
only under normal conditions but under special conditions, during 
which the richest possible mixture was used and the temperature 
reached at explosion was considerably higher than that occurring in 
practice The thermometer itself consisted of a piece of platinum 
wire about 0 7 inch long and in diameter, arranged 

with compensating leads It is placed in a thermometer valve, which 
is inserted through the spindle of the admission-valve in the manner 
shown in fig 1, in which P is the platinum thermometer, and T is 
the head oi the theimometer-valve, which is inserted centrally m the 



admission-valve A The spring S serves to close the admission 
valve, and the spring U serves to close the thermometei -valve The 
mam casting, 0, carrying these valves is bolted to the engine m the 
ordinary way A separate cam is mounted on the half time shaft to 
operate the central thermometer-valve, and the complete aiiangement 
is shown in fig 2, where E is the cam, I and L are levers keyed to the 
supplementary shaft Q, which is carried on the casting P, the spring 
S maintains contact between the end of the lever I and the cam The 
end of the thermometer with the leads projecting is shown at B 
The lever L is in contact with the nut N on the thermometei valve 
The cam is so designed that during the explosion period the valve 
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IS closed, and the thermometer therefore screened from the action 
of the gas In this way the thermometer is withdrawn just before 
the end of compression, so that at this critical period of the cycle 
there is nothing in the shape of a protuberance to cause preignition 
When the platinum thermometer is exposed in the cylinder and 
connected to the Wheatstone bridge and galvanometer on which the 
indications are received, the circmt is made by a contact-maker on the 
crank shaft when the crank passes through an assigned crank angle, and 
IS broken by the contact-maker when the crank passes through a second 
assigned crank angle a little greater than the first, so that the electrical 



Fia 3 

measuimg device is in operation during 6^, 10^, or 15^ as the case 
may be 

This contact-maker is a very important part of the electrical equip- 
ment used in connexion with these temperature measurements, as it 
enables a definite make and a definite break to 'be made in the electrical 
circuit, and, in addition, enables the time between the make and break 
to be adjusted with accuracy 

The contact-maker (fig 3) consists of a brass bush B, keyed to a 
lay shaft of the engine, and carrying two fibre washers or cams W^ and 
W , which can be clamped in any relative angulai position against the 
flange of the bush by the nut N A radial step, as Ui, is made in 
each washer, and the surface gradually rises from the bottom of the 
step to the normal circular surface of the washei The reflexed ends 
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of the stifE sprmgs Si and Sa rest on the fibre cams A projection Z 
carrying a platinum-pointed screw p is riveted to one of the spnngs, 
and the screw p is adjusted so that its point is just clear of the platinum 
rivet in the otner spring when both springs are riding on the circular 
surfaces of their respective cams Contact is made when the rotation 
of the lay shaft in the direction of the arrow brings the radial step 
Wi of the cam Wi under the spnng Si, thereby allowing it to fall down 
the step, thus bringing p and r together Contact is broken when the 
radial step v)% of the cam Wa reaches the spring Sa, thereby allowing 
the second spring to fall down the step Wi The epoch and duration 
of contact are readily adjusted by adjusting the angular positions of 
the cams relatively to the bush and also with regard to one another 
The distances between the springs and the platinum contacts and the 
steps w are exaggerated in the diagram in order to make the principle 
of the apparatus clear The percussion form of contact with platinum 
points is found to give definite and certain lesnlts The contacts keep 



clean, and no tiouble of any kind is expeiienced with them The general 
arrangement of the electrical connections are shown in fig 4 In this 
figure PS, QS are the equal ratio arms of the Wheatstone bridge 
The galvanometer G is connected to the point S and to the sliding 
contact on the bridge-wire BW The thermometer and its leads P 
are connected on one side of the bridge-wire, and the compensator C 
and the balancing resistance E on the other The battery circuit 
includes a mercury reversing key K, an adjustable resistance r, and 
a storage cell V, and the battery is connected to the budge at the 
points P and Q, and to the brushes of the periodic contact-maker at E 
The brushes E are carried by an insulated arm A bolted to a divided 
disc 0 riding loosely on the lay shaft of the engine, and capable of 
being clamped in any position by the screw L Tlie index I shows 
the crank-angle corresponding to the middle point of the contact when 
the insulated copper strip D carried in the fibre bush F passes under 
the brushes 
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The temperature is measured, therefore, during a particular crank- 
angle determined by the setting of the contact-maker This can 
be set, while the engine is running, to determine the make and 
break at any assigned crank-angle in the revolution It was usually 
set so that the interval between the make and break was 5^ or 10^ 
In this manner the mean temperature over a small crank angle can 
be measured at any point in the cycle, except only dunng the period 
of the explosions when the thermometer is withdrawn from the cylinder 
But although there is this possibility with the method it is desirable 
to measure the temperature at a point on the cycle where the rate 
of change of temperature is at a minimum This point occurs just 
after the closing of the suction-valve The great advantage of making 
the measurement at this point is that the thermometer is exposed to 
the- incoming charge during the whole of the suction-stroke and 
therefore the thermometer-valve tends to assume the temperature of 
the charge, consequently the temperature which the small wire is set 
to measure does not differ greatly from the temperature of the metal 
in which it IS mounted This condition tends to minimise the errors 
of measurement At any other point in the cycle the rate of change 
of temperature is g»eater, and the error of the measurements, there 
fore, IS likely to be greater owing to the lag of the thermometer 
On the expansion stroke, for example, the temperature may vary as 
much as 150^ during the movement of the piston through ^ of the 
stroke Just after the closing of the suction-valve the variation of 
temperature during the movement of the piston through ^ of the 
stroke is only about 20^ 

Having found the temperatuie at one point m the cycle, the tem- 
perature at any other point can be calculated by using the charge itself 
as the thermometric agent The characteristic equation of the charge is 

PV 

-^ = a constant If, therefore, from the indicator diagram taken at 

the time the tempeiatiiie was measured, the coriespondmg pressure 
and volume are measured, then the temperature at any other point of 
ihe cycle can be calculated by the aid of this constant and the pressure 
and volume scaled from the indicatoi diagiam, allowance being made 
for chemical contraction of the charge after explosion It is necessary 
to have accuiate indicatoi diagiams from which to measure the 
pressure and volume foi this pm pose, and this has led to the develop- 
ment of an optical indicator 


Example of the Application of the Method to an Engine Trial 
(72) at the City and Guilds (Engineering) College 
The general procedure in making temperature measurements by 
this method, and with an impioved optical indicator devised by Pro- 
fessor Dalby and Dr Watson, may be illustrated by data obtained 
during a trial made at the City and Guilds (Engineering) College by 
Professor Dalby last year, a full report of which will be found in 
Note 32 communicated to the Committee 
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Indicator Diagrams 

In each trial two indicator diagrams were taken — ^namely, a com 
plete diagram showing the pressure and volume during the whole 
cycle, and a diagram taken with a thin disc stopped down so as to 
give on a large scale the portion of the diagram during the pumping- 
stroke The diagrams are in general calibrated in situ 




A -f' 249 75 lbs □ 

50 

A ♦ 199 75 

50 

A 4 149 75 

50 

At 99 75 

50 

A 4 49 75 

49 75 

AtS 




Fig 6 


In carrying out a series of experiments, however, it was found that 
the scale was so constant that it was unnecessary to calibrate each 
diagram separately The scale was therefore made for the two discs 
used, and was checked from time to time A pair of typical diagrams 
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taken during tnal No 73, together with the scales, are shown in 
figs 6, 6, 7, 8 The following data relate to trial No 72 — 

Mixture 6 88 air to 1 gas by volume 
Jacket temperature 29 5 

Temperature measured at crank-angle 200<^ , 77^ 0 
Pressure measured from the diagram at 200® crank-angle, 14 7 
per square inch 

Volume measured at this point, 0 3872 cubic feet 
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Fig 9 shows temperature-curves for the compression stroke calcu 
lated in this way, both for tiials 72 and 73 Trial 73 was run at about 
200 r p in 

The constant, howevei, cannot be applied during the whole cycle, 
because, although the weight of the charge remains the same, assum- 
ing that there is no leak, yet the volume corresponding to this weight 
IS slightly diffeient after the explosion has taken place owing to the 
contraction due to the chemical rearrangement ot the constituents 
The chemical contraction is calculated from the analyses of the gases 
In the gas used in the expeiiments referred to the contraction 
amounted to 3 14 per cent The effect of this is to change the gas 
constant for all points along the expansion-curve from 001616 to 
0 01665 

The cuive, fig 10, shows the tempeiatures calculated along the 
expansion curves foi tiials 72 and 73 

When applying this method of taking the temperatures the governoi 
should be put out of action, so that there shall be no change in the 
late of the supply of gas which will pioduce a distuibance of the 
temperature in the cycle Any disturbance pioduced in a paiticular 
cycle causes a tempeiature wave thiough a long series of succeeding 
cycles In practice the gas engine can be run without any difficulty 
without the governor if the engine is coupled to a generator, because 
the generator automatically settles down to the speed corresponding 
to the power applied to it, and by regulating the resistance of the 
armature or the fields, or both, the desired speed can be maintained 
for long periods A special switch-board and a resistance-board have 
been designed foi the engine at the City and Guilds (Engineering) 
College for the purpose of controlling the generator 

Method of Measuring the Temperature of the Charge hy means of a 

ThermO’COuple 

The second method of measuimg the temperatuie of the charge 
m the cylmdei is by means of a couple This method has been 
developed by Dr Coker and Mi Scoble at the Technical College, Fins- 
bury It was found that alloys of platinum with rhodium and indium 
respectively were able to withstand the temperature of explosion 
near the walls of the cylinder for some hours or even days when 
made into thermo couples ^^ch thick, provided 

the engine was not overloaded The actual temperature measurement 
IS made by observing the change in the electromotive force pioduced 
ill this couple by a change m tempciatuic Tlie small changes m 
the electiomotive foicc pioduced by a coiiplo of this kind can be 
measuied with gieat accuracy on the budge desciibed below 

The geneial lelation between elect iomoti\e force and tempciaiuio 
found foi one of the couples used is 

E (microvolts) ^ - 174 + 7 6075T ~ 0 001673T^ 

The gencial aiiangcmcnt of tlie appaiatus is shown m hg 11 

The battery B and lesistances and R, are arranged in cucuit 
so that the fall of potential between the extreme points of a bridge 
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Wire, BW, can be adjusted to 1 millivolt This is tested by the 
electromotive force of a cadmium cell, 0, which can be opposed to the 
battery electromotive force by means of the upper key, K^, an allowance 
for the known temperature variation of the electromotive force of the 
standard cell used being made by an adjustable contact-maker, D 
The thermo-electric couple, H, has one lead connected to the lower 
key, Ka, and the other set to a set of resistances, S, m the mam circuit, 
each of which gives a difference of potential of 1 millivolt when the 



Fio 11 — ^Thermo Electric Bridge 

adjustments are correct During an observation, therefore, the battery 
electromotive force opposes that of the couple and the readings of 
the bridge-wire and step resistance taken together measure the electro 
motive force of the couple when the galvanometer, G, shows a 
balance The scale of the bridge-wire is graduated to read to 10 micro- 
volts, and single microvolts may be read by estimation The majority 
of the observations were taken when using a D * Arsonval galvanometer, 
giving, on a scale distant 110 centimetres, a deflection of 560 milli- 
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MIXTURE AIR TO GAS 

Fra 12 
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metres for 1 microvolt The contact-maker used with this apparatus 
IS one devised by Professors Callendar and Dalby, which has already 
been described and illustrated in fig 3 

Suction 'J pmpeiaLiire 

Diiect measuiemeiiis of the suction teinpeiatuie weie made at the 
City and Guilds (Engineeimg) College dining the session 1912 IS on 
a Grossley gas engine with a cylmdei 7 inches in diametei, stroke 

14 inches, and with a compression ratio of 4 8 The object of the 
experiment was to show how the suction temperature varied with the 
speed, wnth the jacket tempeiatuie, and with the mixture 

The appaiatus with which the measuiemeiit was made Ins been 
alieady described (see piges 180, 181, 182, and 183) The lesults of the 
expel iments are shown by the curves fig 12 It is pioposed to repeat 
these experiments on engines of more modem type and with higliei 
compression latios as soon as the development of the new laboiitories 
at the College icndei it possible to do so 

The Cyclical Variation oj the Temperaiui e of the Charge in a 
Gas-engine Cylinder 

An example has alicady been gi\eii ol the method of detciiiimiiig 
the cyclical 'vaiiation of the tempeiatuie of thf chaige m a pai 
ticulai expeiiment, deducing it liom the tempeiatuie measured at a 
point on tho (omjncssion cuive in combination witli neuiate mdieatoi 
diagiams Tlie experiment was made at the City and Guilds (Engmeei 
ing) College on tho gas engine alieady lefeiied to The engine 
lb not of leecnt eonstiuction and theiefoie the compiession latio, vi/ 

4 8, IS low compaiod witli the latios of gas engines of moie modem 
constiuetion l)i Cokei ,uid Mi Scoblo ha\t ineasuied the cyclic il 
variation of tempeiatuie on i moie modem engine consti acted by 
the Nation il G is Engine C’ompaiiy m 1907 Tins engine Jus i 
cylmdei 7 inches m diametei and a stroke of 15 inches The maxi- 
niuiii \olume occupied by the charge is 5 8 times the mininium \olumc 
Tho method adopted was to measiiic diieetly b\ means ot a platinum 
couple tho tempeiatuie it vaiious points along tlie compicbsion cuiie 
and along part of the expansion euive, but the highest temperatuie 
had still to be measured by using the charge itself as a gas thermometer 
PV 

A value of is selected fiom a point on the expansion stroke, and 

the constant so found is used to calculate the higher temperatures In 
this method it is unnecessary to make any calculation legarding the 
chemical contraction before and aftei explosion because the temperature 

15 measured after the explosion, but the rate of change of temperature at 
the point where the temperatuie is measured is very great, and theie- 
fore, in comparing the two methods, it is necessary to choose between 
a temperature measured when the rate of change is great with a 
corresponding lag and no correction for chemical contraction, as against 
a method of measuring the temperature when the rate of change is a 
minimum, viz just after the closing of the suction valve, and allowing 
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for chemical contraction With suitable precautions both methods can 
be made to give consistent results 

The curve in fig 13 shows the temperature cycle in a gas-engine 
cylinder determined by Dr Coker and Mr Scoble when the ratio of 
air to gas was 7 35 to 1 The jacket- temperature was 35 6^ 0 , and 
the highest temperature calculated was 1836° 0 

Tlmpbbature Cvcle op Gas CiiARaL —Conditions 


Curve Number 

I H P 

Ratio of All to 
GiS 

Jacket Outlet 
lemp "C 

1 

10 24 

7 35/1 

35 6 

2 

9 96 

7 08/1 

37 2 

3 

10 11 

7 13/1 

814 

4 

10 36 

6 71/1 

! 40 6 

5 

10 36 

5 66/1 

1 52 8 

6 

9 74 

6 64/1 

43 7 


Application of the Work of the Commiiicc to Practical Problems 

The application of the work of the Committee to practical problems 
can be illustrated in connection with the calculation of the heat ex- 
changed between the working agent and the walls of a gas engine 
cylinder 


First Law of Thermodynamics and the quantities necessary to apply 
it to determine heat lost or gained by the working charge during a 

change of state 

Let A (fig 14) be a point on the pressuie volume diigiam lepre- 
senting the state of a working agent with legard to its piessure and 
volume Let the state change along the path A, B, so that B repre- 
sents the state after the change Then 


The heat received by the ' 
working agent from its 
external environment 
durmg the change of 
state from A to B=Q 


Mass of I 
charge j 


X 


{ The change^ 
of its inter I 
nal energy f 
per pound J 


+ 




The work 
done by 
tho agent 
on its on 
vironment 


That is, reckoning in thermal units, 

Q = M(Eb-Ea) + J 


( 1 ) 


( 2 ) 


In which Q is measured in pound calories 

M IS tho mass of the charge m pounds 
Eb is the mtemal energy of tho charge in its hnal state 
Ea is the mtemal energy of the charge m its initial state 
Z IS the work done by the agent on its environment measured m foot 
pounds 
J = 1,400 

Earlier it was assumed that the specific heat of the gas used m the 
gas-engine cylinder was constant, and that the change of mtemal energy 
was determined by the change of temperature only With this as- 
sumption the first term on the right-hand side of the equation was 
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reckoned by merely multiplying the specific heat into the change of 
temperature corresponding to the change of state from A to B, the 
mass of the charge M being calculated from the general relation, 

PV 

M= (3) 

corresponding values of P, V, and T being taken from any point 
on the path where they could be determined It is known, however. 



that the specific heat is variable, and the Committee began their work 
by reviewing all the available expeiimental data in connexion with the 
subject Several membeis of the Committee were themselves carry- 
ing out researches in relation to this problem at the same time 

Data found to enable this Determination to be made 

The aim of the Committee was to asceitam the tiue value of the 
specific heat at constant volume, Ky, or, to put it in another way, to 
ascertain the i elation between the internal energy of the gas and its 
temperature In dealing with gas engine problems it is more 
convenient to combine equations (1) and (2) into a single expression in 
which the specific heat is given not m terms of the unit of mass, but 
in terms of the unit of volume at stanchid pressure and temperature 
Substituting in equation (3) foi the standard pressure, 1 atmosphere, 
for the standard temperature, 273° C absolute, and for the gas con- 
stant, c=06, it will he found that the weight of a cubic foot of the 
working agent at standard temperature and pressure is 081 lb , and 
therefore in teims of foot pounds, and still assuming that the specific 
heat at constant volume is constant, equation (2) becomes, 

JQ = 081 JKv (change of temperature) H- Z 
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The quantity 0 081 JKy represents the change of internal energy 
in foot pounds per degree change of temperature per cubic foot as 
measured at standard temperature and pressure When Ky is variable 
and IS a known function of T, say (T), the term becomes 

f T 

0 (T) dT 
Tt 

Values of this expression in which the lower limit Ti is 0 degrees 
Centigrade can be read off the curve given in fig 15, which is taken 
from the first Eeport 



TEMPERATURE CENTIGRADE 

Fiq 15 


To use this cinve to find the intern il eneigy coriesponding to a 
given state point it is necessary to measure the pressure P and 
volume V from a PV diagrim, and also to determine the absolute 
temperature T The corresponding volume at standard temperature 
and pressure is then cilculaled from the equation, 

V _ VP To 
“ T Po 

This calculated value of Vo when multiplied by the internal eneigy 
as given by the curve for the temperature T gives the internal 
energy of the gas corresponding to the given state point 
Symbolically let 

Ea = internal energy corresponding to the position of a state point A 

Va = the corresponding volume measured at A reduced to standard temperature 
and pressure, and 

Yt = the ordmate of the curve measured at the temperature corresponding to 
the temperature of the state point, then 

Ea = Va Yt 
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The position of the points A and B on the PV diagiam gives no 
indication of the temperatuie at A oi B If the temperature at one 
of the points, howevei, is known, then the tempeiatuie at the second 
point can be calculated from the relation 


Pa Va _ Pb Vb 
Ta' “ Tb 


( 4 ) 


This relation expresses the characteristic equation for gases, and is 
quite independent of the specific heat of the gases concerned It 
applies to all positions of tlie state-point in the PV diagram provided 
that the following two conditions aie satisfied — 

Condition 1 That there is no change in density of the gas such as may bo 
produced by some change in its chemical constitution 

„ 2 That the weight of the workmg agent during the change of state 

from A to 13 IS constant 


It lb fundamentally impoitant, theiefore, to be able to nieasuie 
by diiect observation the temperatuie corresponding to at least one 
position of the state point in the diagiam, because by means of tins 
tempeiature and the relation expressed in equation (4) the temperatuie 
corresponding to any other position of the state-point in the diagram 
can be calculated, providing always that the conditions 1 and 2 are not 
violated duiing the change of state If the first condition is violated 
there is a small change of volume caused by chemical action as the 
state-point moves from A to B, and m oidei to calculate the magnitude 
of this change it is necessiry to have a chemical analysis of the 
gas befoie and after chemical action When these analyses aie known 
a correction can be made and equation (4) can still be applied to calcu- 
late the temperature This kind of action has to be reckoned with, 
for example, if the state-point A is on the compression curve of a gas 
engine and the state point B is on the expansion curve 

The earlier part of this report shows that the Committee have given 
a good deal of consideration to the subject of the direct measurement 
of temperature, and that individual members have worked at the 
problem successfully Examples have been given earlier in the report 
of methods which have been applied and are being used in the 
researches which are now being carried out This example shows how 
the equation (4) is used to calculate the temperature for different 
positions of the state-point B fiom observations of a single tempera- 
ture The single temperature which it is most useful to know is the 
suction temperature, and this may be defined as the temperature of the 
charge m the cylinder just after the admission valve is closed Theie 
is then a definite weight of charge in the cylinder at a definite 
pressure and volume, and at a definite temperature Allowing for 
the chemical contraction, equation (4) can be applied along the expan- 
sion curve 

The Committee have examined into the question of leak of cliaige, 
and have come to the conclusion that in most cases in a modem 
engine it is a negligible amount when proper piecautions aic taken 
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These considerations show how important the suction temperature is 
m combination with the indicator diagram, as from this temperature 
and the pressure and volume given by the diagram the state of the 
working agent all through the cycle can be determined, at least 
approximately 

The values of the suction temperature for a particular engine are 
exhibited in fig 12 above, and a diagiam of the kind would be useful 
in connexion with any internal-combustion motor 

To resume, it can now be assumed that it is possible to fix a 
temperature for one particular position of the state point A, and then 
the temperature at the end of the change of state B, if not observed, 
can be calculated With a knowledge of those temperatures the 
internal energy of the working agent can be read off from the curve 
(fig^ 15), and then the first term on the right side of the equation, viz 

Eb — Ea = change of internal energy 


IS determined 

The value of the second term on the right side of equation (1) is 
merely the value of the shaded area under the path AB expiessed in 
foot-pounds Consequently, fiom a picssure volume diagram giving the 
initial and final conditions of the woiking agent xiid the pith of tlie 
state-point m between, together with the tcrnpeuituic coiiespondmg to 
one position of tlie state-point, the light side oi the equition can be 
determined and the heat gained or lost by the working igent during 
the change can therefore be computed If there is no g un oi loss 
of heat the woik done is done at the expense of the inteinil eneigy 
of the working agent itself One of the main objects of the Committee 
has been to extend our knowledge of the physical constants of the 
gases by the careful examination of methods, apparatus, and results of 
various investigators, including members of the Committee, and change 
of state of the working charge in a gas engine can now be followed 
with a degree of accuracy which hitherto has been impossible 

A diagram from an actual gas engine shows tlie PV changes duiing 
the whole of the four-stroke cycle, but the method explained above 
can only be applied to determine the heat exchanges during that part 
of the cycle when the weight of charge enclosed in the cylinder is 
constant— I e during the period between the closing of the suction- 
valve and the opemng of the exhaust valve There is no difficulty 
in applying the method practically to a change of state along the com- 
pression-curve because the conditions 1 and 2 above are fulfilled 
There is no chemical change and the weight of charge is constant 
Applying the method to the analysis of the expansion curve, howevei , 
there is difficulty The left side of equation (1), Q, gives the heat 
gained or lost by the gas during a change of state Q includes the heat 
gained by combustion as well as the heat gained or lost from outside, so 
that it must be written 

Q = 0 -f-C 

where 0 represents the heat gained or lost to the outside, and 0 repre- 
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sents the heat produced by combustion during the change The diffi- 
culty IS to separate these two during a change of state along the 
expansion-lme It is probable that combustion is not quite com- 
plete at the point of maximum pressure , in fact some combustion may 
be going on right up to the point at which the exhaust- valve opens 
If, therefore, two points aie taken on the expansion curve and this 
method of analysis is applied, neglecting O, the heat loss determined 
will obviously be too great 

An analysis of the diagram by this method will bo found in Dr 
Clerk’s Gustave Canct lectiue, and need not, theiefoie, be furthei 
pursued 

Attention may be specially driwn to the curves in fig 12, which 
show the results of trials made for the purpose of ascertaining the 
relationship between the suction temperature and the strength of the 
mixture used and on the speed When the mixture is 0 parts of air and 
1 part of gas by volume the suction-temperature is about 70^ 0 at 
a speed of 100 revs per minute At 200 revs per minute the suction 
temperature is increased to 78^° C At the constant speed of 200 levs 
per minute the temperature gradually increases as the mixture becomes 
iicher, with a 10 to 1 mixture the temperature is 75^0 , and this 
increases to 96^^ C with a 6 to 1 mixture At the lower speed the 
change in temperature is almost as great for a corresponding change 
in the mixture, namely from 67^^ 0 to 82^ C With a modern engine 
using a higher compiession it is probable that the temperatures would 
be generally higher Fig 13 shovs the cyclical variation of tempera- 
iure as determined by Di Cokei on a more modern engine, and the 
suction temperatiirfs given by him are of the order of 200® C Dr 
Coker explains this high suction temperature as being partly due to the 
retention of hot gas and partly due to the long exhaust pipe which was 
used 

Dalby and Calendar s experiments haao shown that when using 
rich mixtures the maximum temperature in the cylinder is probably 
about 2000® C , and these results have been confirmed by Coker and 
Scoble For the mixtures used in ordinary working conditions the 
experiments of Dalby, Callendai, Coker, and Scoble show that the 
temperature is about 1800® C It is hoped to continue the experiments 
on temperature measurements when engines of more modern construc- 
tion have been installed in the new engine laboratory of the City and 
Guilds (Engineering) College 

The concentration of reseaich on the accurate measurement of 
temperature is a necessary step towards a more certain knowledge of 
the specific heat of gases at high temperatui es , and the vital import- 
ance of this subject is indicated by the brief explanation given above of 
the method by which the determination of heat exchange between the 
working charge and the walls of the cylinder can be made So far the 
Committee have only been able to present the curves given in fig 15 
as representing the most reliable data available The practical use to 
which the curve can be put is illustrated by using the data given 
by it to find the efficiency of an engine working on the Otto 
cycle without loss of heat assuming that the mixture used is that 
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specified near the curve in fig 15, this mixture being very much 
nearer the actual mixture used in a gas engine than air 


1 


i 

i 


Thermal Efjiciency 


Efficiency calculated from 
thf cuive and foi the 
inixtiiic given in fig 13 

Efficiency of the 
an standard 

187 

242 

27^ 

366 

337 

426 

384 

475 


The Committee aie of opinion that they can usefully continue their 
work by organising research on the lines which have been foreshadowed 
in this leport The Committee recommend, therefoie, that they be 
again re appointed, and that, in view of the expensive nature of the 
researTch and the organisation involved, the sum of 100/ be granted 
to them 


Stress Distributions m Engineering Materials — Report of the 
Committee , consisting of Professor J Perry {Chairman), 
Piofessors E G Coker and J E Petavel {Secretaries) , 
Professor A Barr, Dr C Chree, Mi Gilbert Cook, Pro- 
fessor W E Dalby, Sir J A Ewing, Professor L N G 
PiLON, Messrs A R Fulton and J J Guest, Professors 
J B Henderson and A E H Lovl, Mr W Mason, Sir 
Andrew Noble, Messrs F Rogers and W A Scoble, Dr 
T Fj Si ANTON, and Mi J S Wilson, to report on Certain 
of the More Complex Stress Distributions in Engineering 
Materials 

The reports presented at the Birmingham Meeting of the Association 
led the Committee to the view that the co-ordination of the results of 
various researches was rendered difficult by the diversity of the materials 
used in the tests It was therefore thought desirable to obtain complete 
and systematic data with regard to three delimte materials, namely, 
a mild steel, a 3 per cent carbon steel, and a steel alloy 

In accordance with a resolution passed at the meeting of December 19, 
1913, a stock of three tons standard steel has been obtained for the Com- 
mittee by Dr F Rogers This consists of — (1) Dead mild steel (carbon 
12 per cent ) , (2) Axle steel (carbon 3 per cent ) , (3) Nickel steel 
Some of the steel has already been sent to vanous members of the 
Committee, and in due course full information will be available with 
regard to the behaviour of the three materials under a large number of 
dinerent tests 

The mild steel was kindly presented to the Committee by Messrs 
Steel, Peech, and Tozer, and the axle steel by Messrs Taylor Bros 

Information with regard to the manufacture of the standard steels 
is given in an Appendix 

A report on the ‘ Experimental Determination of the Distnbution 
of Stress and Strain in Sohds ’ has been presented by Professors Coker 
and Filon 

A paper on the ‘ Internal Stresses in a Bmlt-up Steel Compression 
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Member,’ by Mr H Delepino, has been commumcated by Professor 
Petavel, and will be read at the meeting 

A number of members of the Committee have, during the past year, 
been engaged on subjects dealt willi in last yeai’s report, but in most 
cases the experimental work is not yet completed 

The subjects under investigation aie tlie following — 

Professor Coker and Mi Scoble Shoai Tests 
Mr Cook Tests of the Physic xl (Constants of the Standard Steels 
Messrs Cook and Eobertson Further Woik on the Stiength of Thick 
Cylinders 

Mr Fulton Alternating Stiess at Low Fioquencies 
Mr Guest and Piofessors Dixon and Lex Combined Sti esses 
Mr Mason Repeated Combined Stiesses 

Dr Rogers Alternating Stress, IR xt Tieatment, and Microscopical 
Examination 

Mr Scoble Repeated Combined Stiesses 
Dr Stanton Repeated Shear Tests 

Mr Mason has installed, in the Engineeimg Laboiatoiy at the Uni- 
versity of Liverpool, a machine specially designed for experimental work 
on alternating bending, alternating torsion, and simultaneous alternating 
bending and torsion He has also eonstiiicted an apparatus for measure- 
ment of hysteiesis 

Dr Stanton has made arrangements to test the standard steels, firstly 
by reversals of simple shearing stress, then by supeiimposing bending 
and diiect stresses 

Mr Guest and Piofessors Dixon and Lea have comph ttd the election 
of their apparatus, and aie engaged in prelimmaiy e\p( iimentnl woik 
The Comnuttee ask to bo re-appointed with x giant of 1001 

Appendix 

Outline of Manufacture of the Sfandaid Steels 
By Dr F Rogers 

No 1 Steel ( 12 per cent Carbon ) 

The mateiials used in the manufactuie of this steel are hematite pig 
iron, steel scrap and oie of the puiest dfsciiptions, melted veiy cirefully 
in the acid open hearth furnace 

The composition is adjusted by the addition of ferio-manganese, 
after which the metal is cast into ingot-moulds The ingots aie then 
rolled, with several heatings, into bais, which aie reeled when blxck-hot, 
giving a straightemng and burnishing effect without injuring the steel 
This metal is smtable for high-class mild steel 

The bars supplied to the Committee are the whole usable portion of 
two ingots, and weigh nearly 22| cwts 

No 2 steel ( 3 per cent carbon) 

Report not yet received 

No 3 steel (3^ per cent nickel) 

Report not yet received 

Experimental Determination of the Distribution of Stress and Strain 
in Solids By Professors Filon and Coker 
Very httle has been done hitherto in the way of determimng directly the 
distnbution of stresses and strains in the intenor of an elastic sohd The 
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investigations which have been made deal almost exclusively with the 
more restncted case of two-dimensional stress and strain, or of stress and 
strain in a thin plate parallel to the faces of the plate itself, a problem 
known to elasticians as that of ‘ geneialised plane stress ’ ^ 

Jn these cases two methods have proved available The first method 
consists in measuring directly the deformations of the body studied, 
by observing the actual distorlion of a face of the sobd parallel to the 
plane of strain In practice this may be done by ruling this face into 
squares and observing, with a kathetometer or micrometer, the relative 
shifts of vanous paits of the network From these, the extent by which 
the angle at a node of the netwoik has been changed from a nght angle 
can easily be found, and this quantity, as is well known, measures the 
shearing strain (or ‘ slide,’ according to a terminology followed by many 
writei:s on elasticity, who reserve tlie word ‘ sheai ’ to denote the sheaiing- 
stress) 

In this way values of the shearing-stiam are obtained at the various 
nodes of the network Again, the changes of distance between adjacent 


C D 



A B 


Fm 1 

nodes can be found, and from these, if the squares of the network arc 
suflaciently small, the extensions at the vanous nodes, parallel to the 
lines of the net, can be obtained 

The plane-strain can, therefoio, be mapped out over the whole face of 
the sohd which is under observation If this method is to give satis- 
factory results it must be applied to materials where the strains are 
comparatively large It has been apphed with considerable success by 
Professor Karl Pearson (1) and various woikers associated with him to 
models of dams constructed of gelatine-glyceiine jelly, and in this way 
vanous results of interest in the theory of masonry dams have been 
obtained, although it cannot be said that tlie complete system of stresses 
in such dams is yet known with any certainty In other cases measure- 
ments of the distortions produced in circles desenbed on the face of a 
model have been used to determine the pnncipal strains and their direc- 
tions, as in the experiments of Messrs Wilson and Gore (2) 

Dr B N da C Andrade (3) has also employed a block of jelly to 
investigate the distribution of slide in such a block when two of its opposite 

' Love, Theory of Elasticity, p 135 
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faces AB, CD (Fig 1) constrained to remain plane and parallel and un- 
isturbed are given a translatory displacement relative to each other, 
parallel to their plane 

Dr Andrade found that along the middle plane EF of the block (half- 
way, that IS, between the two faces whose displacement was prescnbed) 
the distnbution of shde gave two maxima at points H, K distant about 
one-sixth of the length fiom the unstressed faces perpendicular to the 
plane of strain, the shde falhng gradually to a inimmum at 0 

For a section E' F' near the middle plane an effect of the same typo 
occurred, but was less marked Foi a section E" F" neai the face CD 
where the constraint was apphed the shde remained fairly umform over 
the greater part of the length of the section, going down rapidly at the 
ends to the value zero at CD 

The problem attacked experimentally by Dr Andrade is one of winch 
no exact theoretical solution is known Di Andrade himself attempted 
to fit his conditions by an approximate solution, but either through the 
failure of the approximation, or from some other cause, the results of 
observation and calculation agioed only qualitatively 

The second method used for the investigation of the distribution of 
stresses inside a plate subjected to sticss in its own plane depends on the 
property, discovered by Sii David Biewster in 1816, and independently 
by Fresnel, that glass and othei isotropic transpaient substances become 
doubly lefracting under stress 

Since then this effect has been stiuhed by a numbei of obseivers (4) 
It may be taken as fairly well estibhshed tint when a i ay of polaiised 
light traverses a plate stressed in its own plane, it is bioken up into two 
components, polaiised along the two hnes of piinupal stress at the point 
wheie the ray crosses the plate, and the relative retaidation of these two 
rays on emergence in air is 

Cr(P-Q), 

where t = thickness of the plate, V and Q are the two principal mean 
stresses in the plane of the plate, and 0 is a co-efficient depending upon 
the material and the wave-length of tlic light (5) 

Clerk Maxwell (6) was the fiist to go faiily fully into the theoiy of the 
appearances presented when a plate under vaiying stiess in its own plane 
IS placed between crossed Nicols He showed that the hght is restoied 
at all points except those for which 

(a) The hnes of principal stiess aie parallel to the axes of the Nicols 
Since the condition foi extinction of the hght is hcie independent of 

the wave-length, these hnes will bo quite black These may be called the 
hnes of equal mchnation oi isochnic hnes 

(b) The principal stress- diffeience has such a value that Ct(P— Q) is an 
exact multiple of the wave-length 

These will be hnes of equal principal stress-diffeience, and will give 
a different set of hnes for diffeient wave lengths They aie thus, in 
general, brilhantly colouied, the same stiess-diffeience coiresponding 
to the same tint The only exception is the hne corresponding to P — Q=0 
These may be called (following Maxwell) the isochromatic hnes, the 
black hne coiresponding to P— Q=0 being called the neutral hne 

Observations of the isochmc hnes have the advantage that these hnes 
are exhibited under comparatively small stress and are independent of 
the co-eflB.cient C Their use does not, therefore, requiie straimng the 
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material to an extent likely to produce permanent set, and they can be 
shown by comparatively thin specimens Also they do not reqmre any 
previous investigation of the co-cfficient C for the given matenal, or of its 
dependence upon the wave-length 

In theory observation of the isochmc hnes is sufficient to determine 
the stress system, provided we have information as to the actual stresses 
at a very hmited number of points (7) Such information is generally 
available from the known boundary conditions 

On the other hand, the calculations reqmred to actually deduce the 
stresses from the isochmc hnes are complicated, and are very difficult 
to apply to cases where the data are expressed by purely empmcal curves 

The isochmc hnes aie, theiefoie, better suited to experimental verifica- 
tion of stress distribution already known from theory, and for which the 
theoretical isochmc hnes can be calculated beforehand and compared 
with observation They have been so used by M Corbino and Trabacchi 
(8) using rings of gelatine to verify Volterra’s (9) theory of internal strains 
in a multiply connected elastic solid , and also by Filon (10), who used 
glass beams to verify the ordinary theory of stresses in a beam at a distance 
from points of isolated loading, and also his own theory of the distribution 
of stress in a beam near a point of isolated loading Both Corbino and 
Trabacchi, and Filon found that their experimental results confirmed the 
predictions of the theory of elasticity (11) Cams Wilson (12), who used 
in his investigation both the isochmc and the isochromatic hnes, was the 
first to apply the optical method to discover the laws of stress distribution 
m a glass beam, doubly supported and centrally loaded 

He gives a drawing of the hnes of principal stress in such a beam, but 
does not use them further, and restricts his comparison of theory with 
experiment, to the sti esses in the cross-section immediately under the load , 
the theory with which he compares his results was oiigmally given by 
Boussinesq (13), and treats the height of the beam as infimtely thick Sir 
G G Stokes gave, in a note to Cams Wilson^s paper, an empirical correc- 
tion to Boussinesq’s tlieoiy An exact theory of tins problem has since 
been given by Filon (14) 

The use of the isochromatic lines and generally of expeiiments de- 
pending upon tint has this advantage, that it yields directly the value 
of the stress difference P— Q If tins be combined with a determination 
of the direction of principal stress at each point, then considerable direct 
information is given at once, and some cases of practical importance have 
been examined by Homgsbeig and Dimmer (15) 

The deterrmnation both of P—Q and of the directions of principal 
stress may be combined in one measurement, which is very simply made 
by means of an apparatus due to Coker (16) Coker uses a thin celluloid 
plate, cut to represent an engineering structure in which it is desired to 
investigate the stresses This is a moie easily worked material than glass, 
and a lesser thickness is reqmred, as its stress-optical co-efficient is con- 
siderable To obtain a measure of the stress-difference at any point a 
tension member is placed in front of the strained model, in a direction 
corresponding to one of the principal axes of stress, and the colour effect 
produced in the loaded model is neutrahsed by applying a sufficient load 
to this cahbrating member The tensional stress T affords a measure of 
the difference of the pnncipal stresses (P—Q) subject to a small correction 
when (P—Q) and T have different signs 

An improved way of doing this, which saves these repeated adjust- 
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ments of T, is to use a test-piece under pure flexure (without shear) in its 
own plane This can be leadily produced in a straining frame as in the 
accompanying diagram The stress will then vary linearly from P to Q 
and may be read off along a scale PQ, which can be previously cahbrated 
against a specimen under known tension 

A little sideways shift of the test-plate is then all that is required to 
compensate the stress-diffeience at any given point, provided that the 
direction of principal stiess had been found previously 

Coker has used a calibration tension member to determine the distnbu- 
tion of stress in plates of various shapes — foi example, in tension specimens 



pierced with circular holes, decks of ships with various opemngs, cement 
bnquettes, &c (17) He has also (18) investigated Andrade’s pioblem 
of the block whose opposite faces slide with regaid to one anothei re- 
maimng undistorted, and he obtains by this optical method a distribution 
of shear very similar to that obtained by Andrade from direct measure- 
ments of the shde Mr Scoble and he have also apphed this method to 
determine the distribution of stiess due to a rivet in a plate (19) 

The photo-elastic deternunation of stress carried out in this way does 
not, however, determine the stress in the plate completely It will be 
noticed that all the method gives is the piincipal stress-difference at any 
point If each principal stress at a given point be increased by any 
arbitrary quantity, the appearances are in no wise altered To obviate 
this, Coker has used the stretch-squeeze effect in the plate to measure 
the sum P— Q of the pnncipal stresses, a suggestion due oiiginally to 
Mesnager (20) For cleaily, if r be the thickness of the plate, y} Poisson’s 
ratio, the plate, at the point where the principal stresses are P, Q, will 
become thinner by an amount ?;T(P-f-Q) an amount which is small, 
but with delicate instruments not impossible to measure 

It will be noticed that this provides yet a tliiid method for exploring 
the field of stress in a plate 

There is, however, no necessity for doing this, as the mfoimation 
denved from the known values of the stress-difference and the direction 
of the hnes of pnncipal stress can be readily applied to find the complete 
system of stresses 

Let the axes of x and y be taken in the plane of the plate Let P and 
Q now denote the normal stresses across elements dy and dx respectively, 
S the sheanng stress across either of the above elements Then, if the 
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lines of principal stress make an angle a with the axes, and if R is the 
principal stress-diffeience, it is well known that 

P — Q— R cos 2a 
2S=R sin 2a 


Thus a determination of R and a at every point leads to the value 
of 8 at all points 

On the other hand, consideimg the equilibrium of a small rectangle 
dx, dy and neglecting body-forces, we have the well-known body stress 
equations for generalised plane strain. 


8P 

Sx 


+ 



88 

Sx hy 


Now, at a point of the boundaiy, all the stiesses will be known 
For the normal stiess across in clement of the boundary where the 
outwards noimal makes an angle with the axis of x is 


P cos^ ^ + Q sm^ ^+28 cos 0 sin 6 


= cos 2<)+S sm 26 

2 2 


S and P— Q being known fiom optical data, and the normal stress across 
the boundary being also known from the boundary conditions, the above 
equation determines P-fQ and hence (P— Q being known) P and Q 

Consider now a point A of the phte Diaw i line through A paiallel 
to the axis of x to meet the neaiest boundaiy at a point Ao (aJo, y) 

Then, integrating the equation 

SP . 58^. 

Sx by 

along the line Aq A, we find 

P-P.--J® fc 

X 

where Po is the value of P at A„ 

Similarly, if a hne tliiough A piiallel to the axis of y meets the nearest 
boundary at a point Bo (x, y^y) A\lieii the value of Q is Qu, 


Q_Q,= _j8« dy 

V 

Now, if we know the value of S at all points, the values of the partial 

88 88 

differential co-efficients can be obtained approximately by 

taking differences P and Q can then be found as above by the ordinary 
process of graphical integration, Pq, Qo being known, as explained This 
method can be used with any set of experimental data, provided only that 
these are accuiate enough to allow of diffeiences being taken to calculate 
SS 88 ^ , 

8y case, befoie actually applying the method, the cuives for 

8 when either x = constant or y = constant should be ‘ smoothed ’ so 
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as to take out accidental inequabties A check on the accuracy of the 
calculation is easily provided, foi the calculated P— Q should agree with 
the value optically observed 

In many problems it is known that one of the normal sti esses is through- 
out very small In this case, if Q, s ly, is nearly zero, we have P=E cos 2a, 
and the stress difference leads easily to the complete system of stresses 
This assumption has been made by Coker in his earher papers, but it 
would seem desirable to justify it moie fully 

NOTES 

(References to these aie given in the text ) 

(1) Kail Pearson, A F C Pollaid, 0 W Wheen, andL F Richardson 
An Expeiimental Study of the Sticsses in Masoniy Dams (Drapeis* 
Company Research Mcmoiis Technical Series V ) 

(2) J S Wilson and W Gore Stresses in Dams " Pioc Inst C E 
1908 

(3) E N da C Andiade The Distiibution of Shde in a Right Six-face 
Subject to Puio Shear ‘RS Proc A,’vol 85, pp 418-4.61 

(4) Sir David Biewster ‘ Phil Tians ' 1816, p 156 ‘ Annales de 

Chimie et de Physique,’ vol xx Ficsnel ‘ Gluvies d’Augustm Fresnel,’ 
tome 1, p 713 F E Neumann, ‘ Abh d k Acad d Wiss zu Beihn,* 
1841, vol n , 50-61 See also ‘ Pogg Ann ’ vol liv John Keii 

^ Phil Mag ,’ 1888, sei 5, vol 26, No 161 G Weitheim ' Annales de 
Chimie et de Physique,’ sei 3, vol xl , 156 

(5) F Pockels ‘ Uebei die Aendeiung des optisclieii Veihaltcns 
Veiscluedenei Glasei dutch elastische Defoimation,’ Ann d PliysiL, 1902, 
sei 4, vol 7, p 715 L N G Filon On the Vaiiation with the Wave- 
length of the Double Rcfiaction in Sti lined Glass, ‘ Camb Phil Soc 
Proc ,’ vol XI Pt VI , vol xn Pt i , ind vol xii Pt v On the Dispeision 
in Artihcial Double Refraction, ‘ Phil Ti uis A vol 207, px) 263-306 
(1907) Prelimmaiy Note on a New Method of Measuiing diiectly the 
Double Eefiaetion in Sti lined G1 iss, ‘ R S Pioc A ,’ vol 79, px) 440-442 
(1907) Measurements of the Absolute Indn c s of Rcfiaction in Stiained 
Glass, ‘ R S Pioc A vol 83, px) 572-578 (1910) On the Temperatuie 
Variation of the Photo-elastic Effect in Stiained Glass, ‘ R S Pioc A ,’ 
vol 89, pp 587-593 (1914) 

(6) Clerk Maxwell ‘ Tiaus Ro} Soc Edin ,’ vol x\ , 1853, p 1172 , 
01 ‘ Collected Paxieis,’ \ ol i 

(7) A pi oof of the statement in the text is as follows — Let E be the 
stiess function for gcneiahsed xdane stiess (Love ‘ Theoiy of Elasticity,’ 
pp 86 and 446), P, Q, S the mean sticsses yy, xy in the usual notation, 
R the piincipal mean stiess-diffeience, 0 the angle which the hnes of 
piincipal stress make with the axes 

Then it is known that 

R2=(r-Q)'+4S^ 
tan 20=2S/P— Q 

2S=P sin 2^ P— Q==R cos 20 

Also the mean stresses are given in terms of the stress function by 
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Using the tiansfoimations 



we find readily 

2 i=x+iij 

2 y=x—iy 





®+‘'' =-%(?) 


— 


Q-r+2.S=®gp (1) 


Q-r-2tS = ^'® (2) 


Q+P= 3 ^^'®^ ( 3 ) 


Fioin ( 1 ) and ( 2 ) 


>R€-^W«=: 




-ii€V = 


S'E 


3^^ ■“ 37;^ 


Now, the isocliinc lines give as a function of x, y and tlieicfoie of rj 
for eveiy point 

On the other hand, it is well known that E satisfies the equation 


or 


of which the solution is 


V E =0 


3*E 


= 0, 


E=E,(.)+E,(r;H-77E,(i)+fE,(7;) (5) 


El, E 2 , E 3 , and Ei being arbitiaiy functions 
( 4 ) then gives 

.i.«(f.)[E/'(t)+vK."(t)] =w>i)+mr(ri) (b) 


Putting >?= 0 , f =0 successively in the identity ( 6 ) 

[E/'(0)+iJ^/'(0)J (7) 

E/'(r,)=e>m [E/'( 0 )+„Ey'( 0 )] ( 8 ) 
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Differentiating ( 6 ) with regard to ^,17 and then putting f=0 and 
17=0 respectively, we find 

‘-^‘{e/'(v)+^B4"(^)] } ^^0 

% e , 

E { Ei'"(0)+^E3"'(0) } (9) 

E3"(^)= { E/"(0)+|E4"'(0) } (10) 

Assume E,"( 0 )=A, E 3 "( 0 )=B, E,"'( 0 )=C, E 3 "'( 0 )=D 

Equations (7)-(10) determine E 2 "(^), E 4 ''(r 7 ) and hence Ei"(^)> E 3 "(^) 
as homogeneous hnear functions of A, B, 0, D 

Hence E=Aei+Be 2 +Ce 3 +Dc 4 -f a^+/ 5 i 7 +'y^+ 8 , where Ci, e^, 63 , C 4 
aie now known functions and a, y, 8 are arbitrary constants 

The terms in a ^8 8 do not affect the stresses and may be dropped 

The term y ^ rj may add y to P+Q 

If, now, the value of any stress be known at a given point, this leads 
to a hnear equation between A, B, C, D, y 

Hence the complete specification of the stress at two points leads to 
SIX equations for A, B, C, D, y in bke mannei, if we considei the conditions 
at the boundary, where two of the sti esses are in general known, the con- 
ditions at three points give six equations In either case we have moie 
than enough equations to determine A, B, C, D, y 

Thus the stress conditions at a few points, together with the isochmc 
lines, determine the stiess system completely 

( 8 ) 0 M Corbino and Tiabacchi ‘ Kendiconti Acad dei lancei,’ 
vol 18, 1909 See also letter by 0 M Coibino in ‘ Nature,’ Jan 16, 1913 

(9) Volterra ‘ Annales de I’Ecole Normale de Pans,’ 1907 

(10) L N G Ellon The Investigation of Stresses in a Kectangular 
Bar by Means of Polansed Light, ‘ Phil Mag ,’ Jan 1912 

( 11 ) Volteira, loc cit Note ( 8 ) , Corbino, loc cit Note (7) Eilon, 
loc cit Note (9) , also Eilon, ‘ Phil Tians A ,’ vol 201, pp 63-155 

(12) Cams Wilson ‘ Phil Mag ,’ ser 5, Dec 1891 

(13) Boussmesq ‘ Comptes Kendus,’ vol 114, pp 1510-1516 See 
also Elamant ‘ Comptes Kendus,’ vol 114, pp 1465-1468 

(14) L N G Ellon On an Approximate Solution for the Bending of a 
Beam of Rectangulai Cioss-section undei any System of Load ‘ Phil 
Trans A ,’ vol 201, pp 63-155 

(15) 0 Honmsberg and G Dimmer Inteifeienzfaiben beanspiuchter 
durchsichtiger Korper 0 Homgsberg Unmittelbaie Abbildung dei 
neutialen Schichte bei Biegung duichsichtiger Korper in zirkularpolai- 
isierten lacht, ‘ International Association for Testing Matenals,’ Brussels 
Congress, 1906 

(16) E G Coker The Deteimination by Photo-elastic Methods, 
of the Distribution of Stress in Plates of Vaiiable Section, with some 
Apphcations to Ships’ Plating, ‘ Transactions of the Institution of Naval 
Architects/ See especially pp 9-11 

1914 
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(17) E G Coker Paper cited in Note 14 and the following — The 
Optical Determination of Stress, ‘ Phil Mag 1910 The Distribution of 
Stress at the Mimmum Section of a Cement Bnquette, * International 
Association for Testing Material,’ 1912 The ESects of Holes and Semi- 
circular Notches on the Distribution of Stress in Tension Members, ‘ Phy- 
sical Society of London,’ 1913 

(18) E 6 Coker An Optical Determination of the Variation of 
Stress in a Thin Eectangular Plate subjected to Shear, ‘ Proc Roy 
Soc ,’ 1912 

(19) E G Coker and W A Scoble The Distribution of Stress due 
to a Rivet in a Plate, ‘ Transactions of the Institution of Naval Architects,* 
1913 

(20) A Mesnager Mesuro des efEorts intSrieurs dans les sohdes et 
apphcations, ‘ International Association for Testing Materials,* Buda- 
Pesth Congress, 1901 


The Lake Villages in the Neighbourhood of Glastonbury — 
Report of the Committee, consisting of Professor W Boyd 
Dawkins (Chairman), Mi Willoughby Gardnlr (Secn- 
tary), Professoi W Ridglway, Su Arthur J Evans, Sir C 
Hercules Read, Mi H B\ltour, and Mr A Bulleid, 
appointed to micstigate the Lake Villages in the Neighbour- 
hood of Glastonbury in connection with a Committee of the 
Somersetshire Archceological and Natural History Society 
^ Drawn up by Mr Arthur Bulleid Mi H St George 
Grvy, the Directors of the Excavations ) 

The fifth season’s exploration of the Heart I^ake Village by the 
Somerset&hiio Archseological and Natural History Society begin on 
May 13, 1914, and will be continued until May 27 (exclusive of filling 
in) The ground being ext ivated is situated in the same field and is 
continuous with the work of previous years As the report has to be 
sent in on May 22, while the excavations are in progiess, any notes 
regarding the work will necessaiily be incomplete and cui tailed There 
has been considerable difficulty this year in procuring laboui, and it 
IS proposed to reopen the excavations in September The digging 
includes the examination of the giound situated to the noith east of 
Dwelling-Mound V , south-east of Dwelling-Mound VII , the south- 
west quarter of Dwelling Mound IX , and the ground lying to the 
north east of Dwelling-Mound XVIII There is little of inteiest, so 
far, to note structurally, but the number and importance of the objects 
found have been well maintained 

The Relics 

This report is called for before the season’s woik is half completed, 
and at a time when the excavators are only on the fringe of two well- 
defined dwelling-mounds Hence there is little to say with regard 
to the relics so far discovered 

Bone — The bone objects include pait of two needles, worked tibi© 
of sheep and ox, tarsal and carpal bones of sheep, cut and perforated 
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shoulder blades, polishing-bones , and a long tubular die with numbers, 
3, 4, 5, 6, represented by small circular depressions on the sides, 
and of a similar variety to those found in the Glastonbury Lake Village, 
also a piece of bone cut for the formation of two dice A bone object 
of a new type is the coarse comb of rude workmanship formed from 
a rib-bone of ox or horse , there are eight large, clumsy teeth of varied 
size, which bear evidence of considerable wear , it is quite of a different 
charactei from the wea\ mg combs so frequently found in the lake 
villages 

Crucibles — Several fragments 

Bronze — The bronze objects include a piece of bordering, two 
fibulaa of safety-pin design (La T6ne III ), one in almost perfect 
condition, and a small ornamented ring-handle, perhaps of a vessel 
A long tubular object formed from a strip of sheet bronze was also 
found, the woikiiig end of which is trifurcated by splitting the metal 
for a distance of about f inch, each of the divisions tapering to form 
a three pointed instrument 

Iron — Parts of knives and fragments of pointed objects 
Flint — A few flint flakes, some with secondary chipping 
Glass — A perfect bead of clear white glass, ornamented with three 
sunk spiral devices filled with a light yellow paste, has been added 
to the bead senes, and others have been found in addition 

Antler — Part of a polished tine, a small tubular object, a cut piece 
with partial perforations, two weaving-combs, ‘cheek-pieces,* and 
tool-handles 

Kim7nerid(je Shale — Put of a fluted armlet of laige size, lathe- 
turned, and portions of thiee others 

Tusks — Several boars* tusks wild), including one perforated 
Querns — No complete upper or lower stone has been found, but 
several large portions of well woiked siddle and lotaiy querns ha\e 
been uncovered in Mound IX 

Other Stone Objects — Seveial sling stones, found singly, a large 
number of whetstones, a few small smooth pebbles (peihaps calculi) 
S'pindlc -whorls — Six have been found so far, (a) one of baked clay, 
(b) four of lias stone, (c) a part of one foimed from an ammonite 
Baked Clay — Several slmg-biillets of fusiform shape have been 
collected, also a large triangular loom-w^eight and fragments of others 
in Mound IX 

Pottery — No complete vessel has been found, but shards are very 
abundant m proportion to the area dug The rougher w ares are strongly 
represented, but a fair number of ornamented pieces have been 
collected, including some new and elegant designs Part of an orna- 
mented pot-cover of a type previously found at Meare has been found , 
also at least two separate fiagments of Poman ware of the ‘ Bur tie 
type,* obtained fiom below the allu\ial deposits and on the original 
surface of Eoman times 

Animal Remaun — Tiiige quantities of hones of domesticated 
animals are being collected, chiefly of young animals Many split 
bones and splinters have been noticed Bird-bones are also commonly 
found A cock-spill has also come to light at Meaic, which implies that 
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the sport of cock-fighting, common m Gaul before the Eoman conquest, 
was carried on m the lake village of Meare, as well as in that of 
Glastonbury 

The Committee aie desirous that they should be authorised to act 
fpr the ensuing year on the pnrt of the British Association, and that 
a grant of 20Z should be made in aid of the exploration that is mostly 
paid for by local effort 


Physical Characters of the Ancient Egyptians — Report of the 
Committee , consisting of Professor G Elliot Smith (Chair 
man), Dr F C Shrubsall (Secretary), Professor A Keith, 
Dr F Wood Jones, and Dr C G Seligmann 

Professor Elliot Smiih^s Report 

This report deals with two distinct senes of anthropological material, 
(A) one from Saqqara in Lower Egypt, and (B) the other from the 
Southern part of the Kerma basin in the Sudan Both collections 
are of quite exceptional importance from their bearing upon the 
history and the racial movements in the Nile Valley 

(A) The Committee was appointed primal ily with the object of 
acquiring, studying, and, if feasible, transporting to England a valuable 
and unique series of skeletons of Ancient Egyptians, buried m mastabas 
of the Second and Ihird Dynasties at Saqqara, which Sir Gaston 
Maspero, Director-General of the Egyptian Government Antiquities 
Department, had placed at my disposal The material was brought 
to light in the course of the excavations carried on for the Antiquities 
Department by its Senior Inspector, Mr J E Quibell, who did 
everything in his power to facilitate and help me m my investigations 
The cemetery in which the material was obtained is situated a short 
distance to the north of the Pyramids of Saqqara, and included the 
tomb of Hesy, from which the famous wooden portrait panels (now 
in the Cairo Museum) weie obtained by Mariette Pasha many yeais 
ago The tombs themselves are of very great inteiest, and will be 
descnbed in detail in Mr QuibelPs official report,^ a summary of 
which was read at the Dundee Meeting They are the earliest known 
examples of elaborate subterranean rock-cut tombs, and range in date 
from the latter part of the Second Dynasty until well into the period 
of the Third Dynasty At the Dundee Meeting of the Association I 
read Mr Quibell 's account of this cemetery, from which the following 
extracts * have been taken — 

‘ This is the area in w^hich Mariette found most of his mastabas, 
from which much of the knowledge of the Old Kingdom has been 
obtained * 

* Excavations at Saqqara, 1910 1911, Service des Antiquites de PEgypte 

* These extensive quotations, not published hitherto, are necessary to explain 
the importance and precise significance of the anthropological questions involved 
in the study of the material, to the consideration of which I shall return in the 
latter part of this report 
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‘ More than 4-00 tombs were dug and recorded they were singularly 
uniform in type and cover but a small period in time Pour were of 
the First Dynasty, and the rest of the Second and Third Intrusive 
burials of later ages were confined to two periods, that of Thotmes III 
and (probably) late Ptolemaic, and were unimportant ' 

' In what follows we will confine ourselves to the Second and Third 
Dynasties — 

* These tombs were most varied in size, but unifoim iii plan One 
was 50 metres long and 30 wide, but the one I have chosen as a type 
was no more than 1} metres long, and even originally not 1 metre 
high It consists of a hollow oblong of unbaked brickwwk filled m 
with gravel and stone chip, plastered and whitewashed externally 
On the east side are two niches, the southern one being the larger and 
the moie irnpoitant Below the mastaba was a small stairway and a 
subterranean chambei The smaller tombs weie often built in rows, 
and their position paiallel with the sides of the larger ones suggested 
that they belonged to the servants or i datives of the gieat men 

‘ One tomb showed very cleaily the origin of the later type in 
stone The niche Ins been withdrawn into the body of the building 
and protected by a door A small chamber is thus formed, and the 
sides of this were, no doubt, decorated with paintings, later, when 
stone replaced the ciude brick, the scenes were made in low relief 
This is the toiin of most of the iinstabas published by Mariette, the 
more complex pirns of the large tombs that have been left open aie 
exceptional 

* The paths between the tombs were very narrow, haidly wide 
enough for one mm to pass, and among the larger tombs, where there 
were walls 3 metres and more high, must have formed a perilous 
maze They were much used, offerings of minute quantities of food 
were brought on every feast day and pi reed before the false doors in 
little vases like egg-cups and saucers Piles of these pots are found 
thrown away near some of the tombs 

‘ \ery little stone-work was found Small tanks 20 centimetres 
or so long occasionally remained before the niches, and in two cases 
an inscribed stone panel depicting the deceased seated before his table 
of offerings had escaped the search for lime This panel appears in 
the middle of the later stel^ of the Fifth Dynasty, of which it was 
evidently the most important part 

‘ The sides of the niches may have borne painted decoration — 
probably did so — but no trace of this remained 

‘ In one mastaba, a verv large one, the wall was double the two 
niches were carefully built in both the inner and the outer walls, 
evidently m order that the inner one might retain its magical value, 
even if the outer one were destroyed 

‘ The space inside the four w ills was generally filled with gravel 
and with stone chip from the subterranean chamber, but in some of 
the larger tombs the filling contained also a great number of coarse 
vases, many crushed by the overlying gravel, but many also unbroken 
These we thought at first might have been the ]ars used by the work- 
men for food, but some of them were of unbaked clay, and could hardly 



214 


REPOBTS ON THE STATE OP SCIENCE — 1914. 


have been used at all In other cases, too, these vases had been 
placed in orderly rows, m one the whole desert floor between the 
walls of the tomb and the edge of the shaft had been covered with 
these vases, with clods of black clay placed between them It would 
seem, then, that these were deposits intended to supplement the 
fumituie of the subterranean chamber 

‘ In the case here shown there can be little doubt Below the 
filling, hidden beneath 3 nifties of gravel, we found a shallow trench 
i metre wide, once loofed with wood Inside it were two rows of 
jars or model bams, each 30 centimetres high, made of unbaked clay, 
and containing a brown oiganic powder, piobably decayed corn The 
trench is lined with buck, and from it a tiny tunnel, a handbreadth 
wide and high, leads to the mouth of the shaft This, suiely, was a 
secret. supply of food foi the dead man 

‘ In three of the laige tombs a still moie eliboiate ^irovision was 
made A row of buck chambeis, oi tanks, w^as sunk in the floor of 
the tomb, filled with jais, and coveied with a couise of buck What 
the jars contained is not clear, a \eiy light oiganic matter, probably 
a fat, filled the lower half of a few , but most of them were empty when 
found These chambeis, oi tanks, must, howevei, have once contained 
something of value, foi in one tomb they had been laboiiously robbed 
A shaft had been sunk thiough the filling — in this case composed of a 
very tough, dried mud — into one of the chambers, and fiom this 
tunnels had been forced, sometimes thiough tlie walls, sometimes 
above them through the mud filling, till all the eight chambers had 
been iifled The laboui must ha^e been consideiable and the iisk not 
tiiflmg theie was nothing to show how it had been lepaid 

‘ We now leave the structures above ground and come to the shaft 
‘ This was neaily always in the form of a stair, sloping down 
from the north or east to the chamber mouth The stair often starts 
fiom the east, neai the north niche, and bends at a iight-angle half- 
way down, this would be practically useful while the digging was 
going on, as it w^oiild stop a falling stone before it acquired an 
awkward velocity The shafts, like the tombs, vaiy much in size 
Some are 12 metres deep, some so small — 1 m^tie or less — that 
the steps would be of no pi actical use 

‘ In the largei and deepei tombs the steps aie cut in the rock, aie 
of reasonable si^e, and evidently served their puipose in the excavation 
of the chamber below, but in many of the modeiate sized mastabas, 
those 4 to 6 metres long, the steps are of brick, and aie too naiTOW 
and fragile for a man to stand on them Shafts and steps in the 
small tombs, and piesumably also in the large ones, were carefully 
plastered and whitewashed for the funeial ceremony In small tombs 
a low skirting wall a few inches in height was built round the shaft, 
and this, too, wa-s whitened The upper part, the mastaba, was built 
after the funeral But in larger tombs this was not practical, the 
works above and below ground had to go on together, so the stair 
waa fenced in by a separate wall 

* Shafts were geneially filled with giavcl, the poitculhs being relied 
on to secure the mouth of the chamber , but in large tombs they were 
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filled with slabs of stone, packed in on edge, and in some cases a 
pavement of heavy blocks was laid in above A few stone vases were 
occasionally placed in the shaft, and in one tomb a great number had 
been laid on the steps of the stair The same arrangement was found 
by Garstang in a great tomb at Bet Khallaf 

‘ The portcullis consisted of a large flat block of stone with 
rounded edges, sometimes as much as 3 metres long and 1 5 metres 
wide, which fitted into a gioove cut m the rock It must have been 
lowered before the mastaba was built and chocked up so that its base 
was above the door of the chamber Eopes weie used to aid in 
lowering it, the channels cut by them were observed in one stone 

‘ The chamber opened either on the south or west, very rarely the 
north, never on the east 

* It was generally a small, rudely-cut cave, too small to hold a 
body laid at full length, this small rough chamber was the general 
lule, but the larger tombs have a senes of chambers of a somewhat 
elaboiate plan 

* On passing the portcullis in these we find oui selves m a broad 
passage, from which three oi four chambeis, probably magazines, 
open on each side 

* A wide doorway at the end leads to a continuation of the passage, 
and this to further chambers, in a\hich there is some variety of plan, 
but two features aie constant To the right — that is, to the S W — 
IS the actual burial chamber with remains of a single skeleton , in the 
S -E coiner is a feature new in Egyptian tombs, and, suiely, in any 
other tombs — viz , a dummy latrine, north of this, in two cases, was 
a narrow chamber with rude basins caived in the floor — probably 
meant for a bathroom The piovision foi the dead was evidently moie 
thoughtful and complete than in later ages 

* In all these undeigiound chambeis the antiquities found were 
somewhat disappointing It is true that we did obtain a great number 
of bowls and dishes of alabaster, diorite, and othei stones — indeed, an 
embarrassing quantity of them — also ewers and basins of copper, 
occasionally a w^ooden piece from a draughtsboard, a box or a bit of 
ivory inlay, and that the mud seals on the vases weie in three tombs 
inscribed with Kings’ names, thereby giving us our assured dates for 
the cemetery, but the ancient robbers had very different returns for 
their labour, there had certainly been quite othei chsses of monuments 
of which no sample had survived All the tombs except the very 
smallest and poorest had been robbed, and robbed, too, at a very early 
period this was clear from the knowledge showm by the robbers of 
the construction, and the skill with which they penetiated to the burial 
chamber with a minimum of labour Sometimes the earth inside the 
chamber had been passed through a sie\e this shows that the second 
robber had found some gold beads left behind by the fust, he (the 
first one) would not need a sieve — he found the coffin and all the 
furniture lying clear 

* We assume that theie was a coffin in all cases — indeed, fragments 
were often found, but complete coffins remained in foui tombs only, 
and these four of the poorest 

‘ They are short, with panelled sides and arched square ended lid 
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two niches are made in the east side In one coffin, the east side 
of which alone is here shown, the central panels are covered with 
a senes of slabs, these are rounded at the ends and do not, as one 
would expect, butt against or mortise into the uprights , this suggests 
that they are in imitation of a door ' [Similar coffins were subse- 
quently found by Professor Flinders Petrie m a contemporary cemetery 
on the opposite bank of the iiver ] 

* When the east side of the coffin is taken away the body appears, 
sharply contrasted, with head to the noith and face east The limbs 
are swathed in linen bands, and masses of linen folded together lie 
above the body There was some little evidence of an attempt at 
mummification, but no flesh remained on the bones, those of the 
arm la\ free inside a wide cylinder of wrappings, which retained the 
shape of the limb The presoi-^^ ition of these coffins and bodies was 
partial, some of the wood was qu te sound, other pieces could not be 
moved So of the cloth, some had been eaten by white ants, but 
some was m admirable preservation 

‘ About fifty skeletons and parts of skeletons were found in fair 
condition, and these, happilv, owing to the visit of Piofessor Elliot 
Smith, could be caiefully examined, some of them befoie they had 
been touched 

* In one only of all these foui bundled tombs have paintings been 
found, but this is of very consideiable mteiest, and the paintings are 
so extensive that our time for a whole season has been mainly 
occupied in copying them This is the tomb of Ilesy 

‘The panels of Hesy have been, for more than foity years, in 
the Museum, they were bi ought theie by Mariette, who discoveied 
them and attributed them, coriectly, to the Third Dynasty ' 

These quotations from Mr QuibelTs report will make it clear 
that we are dealing with the lemains of the very people who weie 
responsible for technical inventions of far i caching impoitance in the 
history, not merely of Egyptian craftsmanship, iDiit of that of the 
whole world This «aeries of tombs reveals the stages m the acquisi- 
tion of the means of cutting out extensive rock tombs, and it is a 
matter of considerable significance to determine tlie piecise racial 
characteristics of the people who invented and were the first to piactise 
these arts and crafts which were destined to exeit so profound an 
influence on the world's culture 

The crucial importance of the human remains buried in these 
tombs depends upon the fact that the earliest bodies hitherto found 
in Lower Egypt (exclusive of those brought to light at Turah in the 
winter of 1909-1910 by Professor Hermann Junker, and described by 
Dr Derry, to which reference will be made later) belonged to a later 
period — ^Fourth to Sixth Dynasties — and revealed undoubted evidence 
of considerable alien admixture, such as does not occur, except in rare 
sporadic instances, in the earlier remains from Upper Egypt The 
problem for solution was the determination of when and how this 
process of racial admixture began 

The contemporary and earlier matenal found by Professor Junker 
upon the opposite (east) bank of the river, and a little further north. 
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was in a very bad state of preservation, and no adequate photographic 
record was obtained to permit of exact compaiisons with other collec- 
tions But Dr Derry s report, which seems to suggest that the alien 
element in these poorer graves did not become certainly appreciable 
until the time of the Third Dynasty, served to add to the interest of 
Mr QuibelTs material, and to make it moie than ever desirable to 
secure and preserve a collection of such crucial importance for the 
investigation of the problems of Egypt’s anthropological history 

The chief difficiilly that faced me was how satisfactorily to deal 
with a collection of most fragile bones, a large proportion of which 
were certain to become damaged, more or less severely, during trans- 
port As there was no anthropologist on the spot to measure and 
make descriptive notes on the mateiial, it was proposed to employ 
experts to photograph each skull, and other important bones, before 
they were treated with size, or other strengthening agent, in prepara- 
tion for transport to England 

But, while pieparations weie being made for carrying out this 
scheme, most of the difficulties were lemoved by the fact that the 
Egyptian Government requested me to go out to Egypt in connection 
with the woik of the Archfcological Survey of Nubia, and it thus 
became possible to visit Mr Quibell’s excavations m person, to 
examine and measuie all the material on the spot, to supervise the 
work of photographing and packing it for transmission to England 
It was possible to do so much in the short time at my disposal, 
because Mr Quibell and his iiained woikmcn affoided eveiy help, 
and Mr Cecil M Fiith and his native photogiaphic assistant, 
Mahmud Sh^duf, of the Nubian Archaeological Smvey, volunteered 
to help Mr Fiith took about a hundred and thirty photographs of 
llie material Every help was also given by the Egyptian Survey 
Depaitment in the loan of instiuments and othei appaiatus Further- 
moie, the authorities at the Museum of the Roval College of Surgeons 
in London offeied to take chaige of and repair the material on its 
aiiival, and to giant me every facility foi its investigation 

Pull notes md photogiaphs weie obtained of all human material 
rescued by Quibell, consisting of the remains of thirty-nine 

individu ils of the Second and Thud Dvnasties most of which is now 
safely housed in the Royil College of Singeons’ Museum At the 
outset it may be stited that the material closely resembles the human 
remains of the Pyramid Age found m neighbouring sites of a some- 
what later date There are quite definite evidences of some racial 
influence alien to the Proto-Egyptian lace, but the difficult problem is 
raised as ta how much of the contrast in the features of the two 
populations — Upper Egvptian and Lower Egvptian at the Second 
and Third Dynastic Periods — is due to admixture and blending, and 
how much, if any, is due to the specialisation in type of the Delta 
portion of the Pioto Egyptian people 

The investigation also revealed some suggestion of attempts at 
mummification as early as the Second Dynasty — a fact of some 
inteiest, as the earliest undoubted case of mummification is referred 
to the Fourth or Fifth Dynasty (more probably the latter), and no 
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eviderce has been obtained before of attempted mummification of a 
body which was not buried in the fully extended position 

While in Egypt I took the opportunity of comparing the Saqqara 
skulls directly with the type collection of Predynastic skulls in the 
Anatomical Museum of the Cairo School of Medicine, and also with 
skulls of the Fourth and Fifth Dynasties at Dr George Eeisner’s 
excavations (for Harvard Univeisity and Boston Museum) at the 
Giza Pyramids 

For convenience of comparison I have followed the plan and used 
the notation explained in the Report on the Archaeological Survey of 
Nubia (1910), vol ii , p 40 

Detailed Statement of the Results of Examination of the 
Human Remains 

2102 F ’ Man about fort> fr\e years of age, with well-defined 
alien traits Buried in a small mastabi with degraded stair placed 
alongside a big mastaha A very big, broad, full ovoid calvaria, with 
large bregmatic bone and squarish orbits, and narrow high-bridged 
nose The rest of the free and mandible are missing (that is, were 
not saved by Mr Quibell) L (maximum length of cranium in milli- 
metres) 205, B (maximum breadth of cranium) 146, F B (minimal 
frontal breadth) 98, II 135, LO 38x34 

2104 G A man with a short and very perfect, well filled ovoid 
skull, which does not conform to the Egyptian type, rounded orbits, 
long narrow nose, jaw of distinctly alien type L 176, B 139, II 137 
(approximately), F B 90, T F 119, U F 73, Bi7 122, Interorb 21, 
N 50x23, RO 39x35, LO 36v34 

2104 J A characteristic example of the type of skull (male) alien 
to Eg^pt, which was found at Giza and also at the Biga Cemetery at 
Nubia It has large, obliquely placed, squarish orbits, prominent 
narrow -bridged nose, with very projecting sharp margins and long 
nasal spine, a broad face with the zygomatic arches curved strongly 
outward, a jaw wuth a wide chin, and a ramus which is narrow, 
moderately high, and has a big coronoid process The skull is a 
short, broad, full ovoid, there is a straight line of brow and nose, 
very deep conceptaculrc cerebelli, associated with manifestation of 
an occipital vertebra L 174, B 134, F B 93, II 136, Biz 130, 
TF 119, UF 71 CB 99, FB 91, Interorb 22 5, RO 37x37, 
LO 37 5x36, N 515x215, Big 102 5 Femur, rough estimate 
of length, 486 One molar is carious, and there is widespread but 
slight periostitis of the leg bones and pelvis The pelvis and leg- 
bones are very big and massive 

2104 N W Woman probably about twenty-eight years of age 
The skull is a broad, flat ovoid (or beloid), with markedly sloping 
forehead, the profile passing without break into the nose (* Greek 

* Distinguishing number of the grave in Mr QuihelVs Archaeological Report 

* In using the term ‘alien traits* I refer to features which are foreign to 
the Proto Egyptian people as well as to the Brown Race in general In most 
cases — as for example this instance — these foreign features, such as ‘a very big, 
broad, full ovoid calvaria,* * squarish orbits,* and * narrow high bridged nose * 
are distinctive of the Armenoid population of Western Asia 
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profile’), square oibibs with lounded angles, nose model aiely broad 
and not very piomment, but the nasal spine is large In most 
respects the mandible conforms to the Proto-Egyptian type, but the 
lamus shows a tendency towards the form distinctive of the Biga 
population (see ‘ Eeport of the Archa3ological Suivey of Nubia,’ 1907- 
1908, vol 11 ) The teeth are perfectly healthy The femur is small 
and slender, with slight flattening of the upper part of the shaft The 
length of the right femur is 407, and the diameter of its head 38 
L 178 5, B 138, F B 93, H 132, Biz 122, T P 120, U F 76, 
CB 102, FB 98, Interorb 245, KO 39x34, LO 36x345, 
N 55x27, Big 87, Sym 36 

2104 H E This is a man about twenty or twenty one years of 
age, with a cuiious blending of the featuies seen in the skeletons of 
the man 2104 J and the woman 2104 N W , having the cranial 

featuies of the former and the facial traits of the lattei The skull 

is a model ately broad, well-filled ovoid, with a sloping forehead and 
a profile like 2104 N W The nose also resembles that of the latter, 
but IS also cuiiously like tint found m the Nubian people at the time 
of the Middle Kingdom Its lower maigins aie rounded The orbits 
aie not quite so square as those of N \V , being almost elliptical and 
oblique The teeth aie perfectly healthy and unworn The laige 
size of the canines and inciaors has pioduced slight prognathism 
The left tibia is 306 in length, its epiphyses are just consolidating 
L 1815, B 141, PB 97, II 138 5, Biz 131, TF 120, UF 73, 

Interorb 27, E O 40x33, L 0 38x33, N 52 5x26, Big 8b, Sym 35 

2162 An eldeily man with the coional, sagittal, and lambdoid 
sutuies almost completely closed The teeth aie well woin, but 
healthy, excepting for a * perforation abscess ’ at the root of the lowei 
right first molar There is, however, a considerable amount of taitai 
deposit on the teeth The cranium is a big ovoid or beloid, with 
prominent supeicihaiy ridges, small, flat, horizontal orbits, small, 
narrow, high-bridged, shup edged nose, a wide jaw, with bioad chin, 
and a moderate ramus of alien form, with out splayed angles There 
IS evidence of severe aithiitis in the left teniporo mandibuhr joint 
The face conforms to a type whicli is often seen in the Dynastic 
Egyptian L 193, B 139, H 136, F B 91, Big 105, Sig 52, 
TF 113, UF 69, Biz 134, N 54x25, Interoib 26, LO 38x29, 
EO 37x30 

2116 N This skeleton is probably a woman’s It conforms to 
the Proto-Egvptian tvpe, the mandible being quite typical, and the 
skull a long ellipsoid, which is well filled None of the cranial sutures 
show any sign of closing, althougli tlie teeth are moderately woiri 
and encrusted with deposits of tartar L 181, B 129, F B 93 

2146 A middle-aged or elderly man, with a full ovoid or 
beloid skull, with flattened occiput, somewhat rounded orbits, and 
moderately prominent nose The coronal, sagittal, and lambdoid 
sutures are closing, and the teeth are worn down, and there are 

* By this term I refer to an alveolar abscess, which is not due to dental 
caries, but originates by infection through the pulp cavity of a tooth, which has 
been exposed by excessive wearing down 
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several ‘ perforation abscesses ' There is thinning of the left parietal 
bone L 183, B 139, S 146, F B 93, U F 72, Biz 130, N 53 5x25, 
Interorb 24, L 0 38x33, E 0 38x33 

2152 Middle-aged man, whose coronal and sagittal sutures are 
beginning to close The teeth are well worn down, and there are 
four ‘ perforation abscesses,' that associated with the upper left second 
molar opening by a large peiforation into the maxillary antrum The 
jaw IS a big, heavily built ovoid, with well marked muscular impres- 
sions and prominent superciliary ridges The orbits are flat and 
horizontal, the nose is narrow with a prominent high bridged root 
L 188, B 138, H 138, F B 100, U F 69, Biz 135, N 49 x 24 5, 
Interorb 24, L O 40 x 32, E O 40 x 33 

2170 A man whose coronal suture is beginning to close, and 
whose perfectly healthy teeth aie only slightly worn The skull is a 
big, well-filled ovoid, with sloping forehead and moderate superciliary 
iidges The face is short and broad, with small, narrow nose and 
very flat orbits The jaw is heavily built, but itts form is Proto- 
Egyptian L 187, B 141, F B 95, H 138, Big 131, T F 110, 
U F 67, Tnterorb 25, E O 40x32, E O 40x33 

2170 A man whose coronal siitine is beginning to close, and 
whose perfectly healthy teeth aie only slightly worn The skull is a 
big, well filled ovoid, with sloping forehead and moderate superciliary 
ridges The face is short and broad, with small, narrow nose and 
very flat oibits The jaw is heavily built, but its form is Pioto- 
Egyptian L 187, B 141, F B 95, H 138, Big 131, T F 110, 
UF 67, Interoib 25, E O 40x30 5, LO 38x30 5, N 53x24 
2173 D This IS a child of nine oi ten years, with a typical Proto 
Egyptian pentagonoid skull 

2172 B This IS a w^oman of twenty years, or perhaps a little 
more, with a small head of Pioto-Egyptian type, and well filled 
pent agono ovoid form, tlie nose has a small hoii/ontil, elliptical, 
flattened budge, small mandible, wuth a \eiy pointed chin the 
zygomatic arches are laterally compressed The teeth aie in excellent 
condition and practically unworn L 178, B 128 F B 85, H 129, 
Biz 116 (estimated) TF 111 UF 68 CB 98, FB 94, Interorb 
24, E O 38x27, L O 35x28, N 46x24 5, Big 82, Sym 35 Sig 45 
2172 E B A woman with very peifect, small, well filled ovoid or 
ellipsoid cranium The f\ce might be Proto-Egyptnn, but the large 
mbits and prominent spined nose suggest alien affinities The coronal 
sulure IS beginning to close L 173 B 130, F B 90, H 138 5, 
Bi 7 121, TF 102, Interorb 20, EO 37x32, LO 38x32, N 48x23 

2172 a or /3) This is a man with teeth modeiately w^n, but 
quite healthy Sutures all open Long pentagonoid cianium with a 
maikedly bomhd occipital Prominent supeiciliaiy iidges thickening 
whole ujiper edge of mbits meet across the mid-line, overhanging the 
depressed and flattened loot of the nose Oibits flattened, nose wide, 
typical Pi oto Egyptian Jaw^ Writh pointed chin and characteristic 
ramus L 194, B 136 5, H 141, F 95, T F 107, U F 66, Biz 130, 
N 49x30, LO 38x30, EO 39x29, Interorb 23 5 

21 73 A woman about twenty one years of age Teeth healthy 
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Typical Profeo Egyptian pentagonoid skull, with small, broad, flat- 
bridged nose (nasals fused), not separated by any depression from the 
frontal, oblique orbits, and typical high ramus and coronoid process 
of the alien type of law L 173, B 133, H 133, F 92, T F 110, 
U F 67, N 47 X 23 5, Interoib 24, E 0 smashed 

2173 A This IS a woman with teeth well woin, left upper molars 
carious, abscesses at all upper molars Temporal part of coronal 
suture closed, as well as the whole sagittal and pait of lambdoid 
Big broad ovoid head, with senile thinning commencing Broad face 
with out-curved zygomatic arches and out splayed angles of ]aw 
Long, very narrow nose, with prominent spine, but not very high 
bridge Large square orbits, with deficient lateral walls Left femur 
IS severely affect^ bv osteomyelitis, according to Piofessor Ferguson, 
of Cairo, who had taken the bone before I arri\ed at Saqqira Large 
inflammatory excavation in front of right sacro-iliac ]Oint L 183, 
B 137, F 96 5, H 135 Biz 133, TF 125, UF 80, Inteiorb 23, 
RO 39x36 5, LO 40x37, N 55x23, Big 106 

2173 D A woman *s skull, almost edentulous, but all the sutures 
are still open A broad flat, beloid cranium associated with a small 
infantile face L 175, B 138, F B 90, H 117, Biz 119, T F 101, 
UF 69, EO 37x30, LO 36x31, N 52x22 

2175 A man with all upper incisois and right canine teeth gone, 
probably the result of some alveolar disease, leaving now a large hole 
about 27 mm in diameter The three principal sutures are closed 
Has a large, lofty, well filled ovoid skull Face very long, narrow 
and ovoid, with Proto-Egyptian type of orbits, but small, narrow, 
high-bridged, sharp-margined nose Pointed ]aw with a high ramus, 
set at so oblique an angle that the sigmoid height cannot be measured 
L 185 5, B 144, F B 96, H 140, Biz 131, TF 130, U F 73 
(estimated), Interorb 21, RO 41x32, LO 40x32, N 50x24 
2262 A woman with a perfect set of healthy, almost unworn 
teeth, temporal part of coronal suture closed A big broad pentago- 
noid skull with large alien jaw and rounded orbits L 189, B 141, 
FB 95 H 131, Biz 122, TF 119, UF 72, Interorb 24. RO 
37x33, LO 36x33 5, N 49x24 

This individual exhibits signs suggestive of some form of mummifi- 
cation having been attempted If so, it is the earliest authentic 
evidence of such a practice The skeleton was found completely 
invested in a large series of bandages — more than sixteen layers still 
intact, and probably at least as many more destroyed — ^ten layers of 
fine bandage (warp seventeen and woof forty eight threads to the 
centimetre), then six layers somewhat coarser cloth, and next to the 
body a series of badly corroded, very irregularly woven cloth, much 
coarser (warp six and woof fourteen per centimetre) than the inter- 
mediate and outer layers Each leg was wrapped separately, and 
there was a large pad on the perineum The bandages were broad 
sheets of linen rather than the usual narrow bandages The body was 
flexed, as was usual at this period 

In the wide interval between the bandages and the bones there 
was a large mass of extremely corroded linen, whereas the intermediate 
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and superficial layers of cloth were quite well preserved ^nd free from 
corrosion, except along a line wheie the cloth was corroded to repre 
sent the rima pudendi — a fact of great interest when it is recalled 
that in the Fifth and piobably the Fourth Dynasties it was the custom 
to fashion (in the case of male mummies) an artificial phallus 

The corrosion is presumptive evidence that some material (probably 
crude natron) was applied to the surface of the body with a view to 
its preservation If so, this is the earliest body with unequivocal 
evidence of an attempt artificially to preserve or prevent decomposition 
in the soft tissues 

2262 N (^) Woman aged twenty years of age The teeth are 
healthy and almost unworn Cixnial sutuies all open Small 
infantile face of characteiistic Proto-Egyptian type Bioad pentagonoid 



cranium and flat oibits L 18o, B 142, F B 83, H 136, Biz 124, 
TF 105, UF 63, Inteioib 215, E 0 39 5x30, L 0 37x30, 
N 48x23 

2262 BN A smill tomb containing a mm aged about foity ^eais 
Teeth extremely worn, right lowei molar ciiious, severe alveolar 
abscesses in upper ]aw, only a few stumps left Typical Proto- 
Egyptun pentagonoides, shading into oxoides Low, very slightly 
oblique orbits, narrow nose with high bridge, very sharp margin and 
prominent spine Semitic cui\e of iiisal bones Mandible with widely 
splayed angles The face as a whole, while Proto-Egyptian in type, 
has a suggestion of the criminal Blemmye type in ]aw, nose, and 
orbits — a Sinaitic Arab Three lower incisors (two right and one 
left removed), left zygomatic arch fractured, and rejoined with inward 
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bend L 189, B 135, P B 97 6, H 141, Biz 130, T P 110, U P 70, 
OB 106, PB 93, Interorb 23, EO 38 6x30 6, LO 39 5x31, 
N 60x23, P 53x37, Big 108, H S 28 

2262 J N A man of about twenty years of age Basilar lecenlly 
closed leeth healthy and only slightly worn Perfect Proto- 
Egyptian type Long ovoid, fairly bioad L 183, B 137 5, H 135, 
P 89, UP 69, Biz 120, N 50x23, Tnterorb 22, LO 36x29 
(flat, horizontal, oblong), E 0 38 x 30 

2196 This is a man whose coional is beginning to close Very 
full broad ovoid, laige squarish orbits, very nariow, long, high-bridged 
nose, no ]aw L 188, B 137, H 146, P 91, U P 75, N 55x23, 
Biz 130 (cuived out). Interorb 20, L O 37 x 33, E O 37 5 x 31 5 
2187 A woman of about twenty-five years, with teeth quite 
healthy Plattened beloid ekull, with Proto-Egyptian jaw and hori- 
zontal flattened orbits Small Proto-Egyptian nose and slight 
prognathism L 171, B 140, H 132, P 90, Inteioib 22, L 0 
37 5x29, EO 38x29, N 44 x 23, Biz 120, U P 62 5, T P 105 
2256 N A man almost edentulous, seven stumps flush with gum 
Ooional, sagittal, and lambdoid closed Big, well filled ovoid head, 
oblique squarish oibits and naiiow prominent nose of alien type 
L 186, B 138, H 134, P 104, U P 73, Biz 132 (well curved out). 
Interorb 24, LO 40x32, EO 37x33 (light occiput much more 
prominent), N 54x24 

2256 S A child of thiiteen oi fouitcen years Plat beloid skull 
175x133, H 133 Small elliptical hoiizontal oibits Very narrow, 
sharp edged, prominent nose 

2256 S (2nd ) Child about seven years old Long, narrow, 
pentagonoid skull L 176, B 127 

2191 Woman Coronal and sagittal sutures beginning to close 
Metopic suture piesent Teeth model ately worn and perfectly healthy, 
with slight tartai Slender beloid skull Pi onto nasal profile an 
unbroken line, sharp edged nose of type suggestive of Giza (that is, 
from the neciopohs of the Great Pyramids) aliens L 174, B 130, 
H 124, UP 65, N 48x24, LO 39x31, P 87 5, Inteioib 22 
No ^ A man aged fifty years , principal sutures closing, but teeth 
only slightly worn and quite healthy Large beloid skull, but face 
of Proto-Egyptian type, with small pointed mandible Nose probably of 
bulbous type (like that of King Myceimus, as displayed m his statues) 
L 189, B 144, P 97, H 141, Biz 129, TP 73, Inteioib 2b, 
E 0 40x32, L 39 X 32, N 50 x 28, Pemur E 468, head 45 

No ^ Man with small, regular, well-worn, perfectly healthy 
teeth Temporal pait of coronal suture closed A somewhat 
effeminate skull with typical small fextiued Pioto Egyptiin fice, but 
well-filled ovoid cranium L 179, B 138, P 96, H 137, Biz 123, 
TP 108, UP 70, Interoib 25, EO 36 5x31, LO 36x30, 
N 49 5x24 

2307 A skeleton, piobably female, obtained fiom a luge mastaba, 
but not certain Coronal, lambdoid, and sagittal sutuies closed Well- 
filled ovoid skull L 185, B 137, H 126, P 100 

2311 B A w^oman forty-five yeais of age Large, well-filled. 



ON PHYSICAL CHARACTERS OP THE ANCIENT EGYPTIANS 226 


broad ovoid, almost ellipsoid cranium Pace of Proto-Egyptian type, 
moderately large, almost horizontal orbits, moderate nose, typical 
pointed Proto-Egyptian ]aw, low lanius, with small coronoid Veitical 
forehead, passing without interruption into line of nose Femur E 
413, head 40 Femur small, with no pronounced features, slenderly 
built Diameter of head, 40 mm L 181, B 137, F 93, H 139, 
Biz 127, T P 116, UP 73, C B 99, F B 92 Interoib 24, E 0 
38x31, LO 40x31, N 50x24, Big 84, Sym 30, Sig 47, Cir 610 
2313 W A man with healthy but well-woin teeth, left uppei 



Fig 5 


incisoi missing and a cuiiously regular bevelled V shaped hole in its 
place Coional and sagittal sutuies closing A big, high, ovoid ciamum, 
with veiy naiiow, high budged, prominent, sharp margined, piomi- 
nent-spined nose Large squarish orbits, jaw with moderate ramus, 
beard on chin, race certainly alien L 186, B 143, F 92, H 138, 
Biz 130, TF 124, UF 76, Interoib 21, EO 40x34, LO 39x35, 
N 65x23 

2314 C Man Small pentagonoid skull of Proto Egyptian t\pe, 
cranium greatly tlnckened (parietal, 11 mm ) 

2316 N E A man’s skull, with coronal suture just beginning to 
close Ovoid head with prominent superciliaiy margin, a small, 
narrow, sharp-margined, pronmient-spined nose, otherwise typical 
small-feat Hied Proto Egyptian L 180, B 139 5, F 90, H 143, 
Biz 125, TP 119, UF 72, Interoib 215, EO 39x31, LO 
38x32, N 50x25 Some tartar on the teeth, which are well worn. 

1914 Q 
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An abscess, starting fiom the infection of the pulp cavity of the worn 
left upper molars, has eroded large holes in palate and into maxillary 
antrum 

2316 Piobably a female about thiity-five years Cranium is a 
well filled ovoid, with flattened occiput, with faiily broad, sloping 
forehead Moderately large squarish orbits, and small, narrow, and 
not very prominent nose Teeth perfectly regular, and only very 
slightly worn Mandible with somewhat curved body, and a narrow 
ramus, but not very high In the temporal fossa there is a very marked 
prominence in the postero lateral coiner of the frontal On the left 
side series of four lumbar vertebr<B and the sacium probably belonging 
to this Dody ankylosed by scveie mflimmatory process, which also 
affects the sacro-iliac joints, although there is no fusion of the bones 
in these joints L 174, B 134, F 96, H 130, Biz 123, TF 111, 
UF 70, OB 97, FB 95, Interoib 26, E O 40x33, LO 39 5x34, 
N 50x24 5 

2323 0 Woman with tempoial sutuie closing and parietal thin- 
ning bcxioming appaient Thick mass of tartai on teeth Alveolai 
abscesses around uppei niolais Veiy sriiill head with typical Proto- 
Egyptian face, but latlici well filled o^old cianmni Tj 167, B 129, 
F 86, H 129 5, Biz 115, TF 105, UP 65, Intororb 20, EO 
35x30, LO 35x30 N 49x23 

2338 Piobably a man with veiy effeminate skull The femur 
suggests masculine sex Coronal sutuic closing Lai go taitar deposits 
on the teeth, alveolar abscesses at the two lowei molars on both sides 
Typical Proto-Egyptian pentigonoul skull, luge squaie orbits, but 
otherwise characteristic Proto Egyptian face with suggestion of negroid 
influence Very slender humeri, the right coionoid fossa perforated, 
anterior lamella only of left gone Femur E 443, head 44, L 184, 
B 132, F 91, H 134, Biz 123, T F 118, U F 69 5, C B 95, F B 93, 
Interoib 24, E 0 39x36, L O 39x36, N 50x23 5 

2344 A Woman about forty yeais of age Tvpical Predynastic 
narrow pentagonoid skull Orbits weie siiull, ^ Ol iZOiital, cuid ellipti- 
cal Mandible was missing Long and v^>ry slender femur with no 
outstanding peculiarities Diameter ot head 38 Femur E 440, 
oblique L 175, B 131, F 83, IT 135, Biz 120, U F 69, Interoib 24, 
EO 35x315, LO 35x315, N 40x24 

2347 C A woman's cianiuin of Proto Egyptnn type, with sutures 
open Facial skeleton missing L 180, B 134, IT 131, F 91 

2358 A woman with perfectly healthy, only slightly woin teeth 
Temporal part of coional suture closing Perfect ovoid skull, with 
sloping forehead and umnteirupted line of forehead and nose 
Bounded orbits and sharp edged nairow nose of somewhat alien 
appearance L 180, H 135, B 137 5, F 89, U P 67, Biz 120, 
N 49x23, Iriterorb 20, LO 37x33, EO 38x33 

Skull found on stair north of 2376 Man Teeth healthy and 
only slightly worn Craniil sutuies all open Flattened beloid skull, 
with sloping forehead, jiw with broad chin and moderate ramus 
Femur E 445, head 42 libia curved and platycnemic L 182, 
B 140, P 97, H 130 
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24-16 A man with coronal suture beginning to close and sagittal 
half closed Big broad pentagonoid skull, the face being Dynastic- 
Egyptian in type, with Proto Egyptian ]aw Three lower incisors 
removed at some time L 187, B 141, F 99, H 139, T F 120, 
UF 74, Biz 137 (established), Inieroib 27, EO 38x31, LO 
smashed, N 52x20 

2433 Sex uncertain Tempoial part of coronal suture closed 
Mandible healthy and well worn Left upper first molar and first 
premolar alveolar abscesses due to infection through the pulp cavities 
exposed by the wearing down of the teeth Large abscess destroyed 
alveolus from second lower riglit molar to the premolars (inclusive) 
Small well filled ovoid cranium The nose has a somewhat flattened 
budge, the jiw being rather a pronounced feature, typically Lower 
Egyptian L 171, B 132, F 90 H 1315, Biz 128, TF 106, 
UF 67, CB 98, FB 94, Interoib 22, E O 39x33, LO 37x31, 
N 50x23 (moderately large orbits, not very oblique). Big 86, 
Sym 27, Sig 52 (moderate outward curve of zygomatic processes) 

The Significance of these Data 

In discussing the facts thus set forth I cannot refiain from 
expifssing 1 egret that it was not possible to examine each skeleton 
tn situ in the tomb For in removing human remains fiom tombs 
not only does the material suffer considerable damage, but a greit 
deal of the most valuable kind of evidence is destio^ed In this 
particular instance the loss of this opportunity is particulaily legretted, 
because T feel sure important facts bearing upon the eaily piactice of 
mummification might have been recoveied 

In making these reinaiks I am not unmindful of the fact that 
Mr Qiiibell lemoved the material from the tombs into his woikioom 
with the object of facilitating my work and enabling me to do as 
much as possible in the limited time which I was able to spend upon 
tins woiiv at Saqqara 

Apait from supplying what is perhaps the earliest evidence of 
attempts at mummification (see the account of No 2262 above), this 
gioup of remains has also provided the eaihest known instances of 
syrnmetiical thinning of the parietal bones not due to senile changes 
That this parietal atrophy was not due to old age is quite certain, 
because the best maiked case occuried m the skull of a joung w^oman 
(No 2323 C) who could not have been much moie than thirty years 
of age This is interesting m view of the fact that such paiietal 
thinning has not hitheito }>een known to occiii at so eaily a period, 
although it became exceedingly common in the Pjiamid Age, two 
Dynasties later Its causation seems to be associated witli the habit 
of constantly wearing heavy wigs, which by piessuie affect the 
bkaod supply of the paiietal hones ** 

Another intoiestmg featuie of the material discussed in this report 
IS the rarity of dental canes, which became so common and wrought 
such appalling havoc in the successois of these people of Memphis a 

* Elliot Smith, * The Causation of the Symmetiicdl Thinning of the 
Parietal Bones in Ancient Egyptians* Journal of Anatomy and Phy^wloqy^ 
vol xli , 1907 

Q 2 



228 


REPORTS ON THE STATE OP SCIENCE — 1914. 


few years later during the Pyramid Age Alveolar abscesses are 
common enough, but they are not, as a rule, the result of dental 
canes, as I have explained above 

The contrast presented by this collection of human remains to 
those of the Proto-Egyptian population of the Predynastio period is 
so profound, and the al en features so widely diffused amongst them, 
that a fundamental problem is raised for discussion This question is 
so large that I propose specially to consider its bearings in a separate 
communication to the Association 

The intimate blending of this Egyptian population with a people 
of foreign type and origin at so early a period as the Second and Third 
Dynasties points to the fact that we have to deal, not with a recent 
admixture, but one which must have been taking place for many 
generations before the time of the Second Dynasty But we have no 
eviderce to indicate whether the Western Asiatic element — for there 
can be no doubt as to the nature of the alien strain — had been percolat- 
ing into the Delta gradually, or came more suddenly in larger volume 
possibly as a people alreadv mixed to some extent with Egyptian blood 
in Syria or elsewhere 

The important result emerges from such considerations that the 
people who developed the wonderful and piccocious civilisation of 
Egypt were not pure Prolo-Egyptians The growth of early Egyptian 
civilisaiion no doubt represents the gradual evolution of the ideas and 
the arts and crafts which we know to have had their oiigin among the 
Predynastic people of TTpper Egypt, but their full fruition came only 
when the contact of peoples of diverse origin m Tjower Egypt brought 
the influence of new ideas and new manners of thought — probably 
also a more virile type of intellect — to stimulate and help in the 
development of the Egyptnn civilisation 

B The Human Re7tiain<i of the HyJc<ios Period found in the Soulhorn 
Part of the Kerma Basin (Sudan) 

At the end of 1913 I received from Professor George A Eeisnei, 
who, working on behalf of Harvard University and the Boston 
Museum, had excavated a site at the south of the Kerma Basin, in 
the Dongola Province, a senes of skeletons of the TTyksos Period 
These bones were sent to me for examination, with the consent of the 
Archaeological Committee of the Sudan Government and the approval 
of the Governor General, Sir Eeginald Wingate, whose interest m the 
anthropology of the Sudan is well known 

As only a part of the material has yet been sent to me, and as 
Dr Eeisner has not yet communicated the details of the archaeological 
evidence, it would perhaps be preferable if I withhold my report until 
next year 

I may say that the tombs of the wealthier people contained the 
remains of tvpical Egyptians, such as we know to have lived in the 
Thebaid during the times of the New Empire, while the other tombs 
contained skeletons of Proto-Egyptian and Middle Nubian (0 group) 
types Although slight negroid traits are common, there is a sur- 
prising absence of the more obtrusive negro features 
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Artificial Islands in the Lochs of the Highlands of Scotland — 
Fourth Report of the Committee, consisting of Piofessor Bo\i) 
Dawkins (Chairman), Mr A J B Wage (Secretary), and 
Professors T H Bryce, J L Myres, and W Eidgbway 

Since, owing to the meeting of the Association iti Australia this year, 
leports have to be sent in at a much earlier date than usual, the Com- 
mittee have so far little to record The Eev P 0 Blundell, the Com- 
mittee’s correspondent at Fort Augustus, continues to collect and 
tabulate infoimation He desires to thank the Committee for their 
assistance and for their encouiagement in his investigations of a subject 
which, though full of interest, piesents many difficulties that can 
scarcely be realised by those who have not taken part in the work 
By the courtesy of the Society of Antiquaries of Scotland, fifty 
leprints of the paper read before that Society, containing numerous 
illustiations, have been ciiculated amongst the coriespondents of this 
Committee, and this has again stimulated iriteiest in the subject Ihe 
Papei, which was compiled laigely from the replies to the British 
Association inquny, was printed m full in the ‘ Tiansactioris ’ of the 
Society, and elicited numeious letters of congratulation on the results 
obtained by the Association Mi Gilbert Goudie, F S A Scot , writes 
amongst others — * May I be allowed to add that I have been much 
impiessed by your paper on Artificial Islands in the Proceedings of 
the Society of Antiquaries of Scotland”^ These I had previously 
regarded as entirely exceptional and rare, but the numerous instances 
you adduce go far to show that they were almost the normal idea — 
quite a new conception which will influence me largely in looking at 
these things in future ’ 

One of the main objects of the Committee is to secure a suitable 
site for excavation The artificial island in Loch Kinellan was pro- 
visionally fixed upon last year for excavation this year Now Mr F C 
Diack of Aberdeen has sent photographs and particulars of the ‘ Island ’ 
in the Loch of Leys, Banchory The loch is now completely dry, md 
therefore this island is a much more suitable site for excavation than 
that in Loch Kinellan The Secretary proposes to visit the site with 
the Eev F 0 Blundell in July, and hopes to receive the permission 
of the proprietor. Sir Thomas Burnett, Bart , of Crathes, for the pio- 
posed excavation It is hoped that the funds at the disposal of the 
Committee, together with a giant made by the Carnegie Trust to Dr 
E Munro for the excavation of the island in loch Kinellan, will be 
sufficient for a preliminary excavation 

The Committee desires to be reappointed and that a grant of 51 
should be applied for at the next meeting of the British Association 

It will be necessary for a new Secretary to be appointed — Professor 
r H Bryce is suggested 
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Exploration of the Palaeolithic Site known as La Gottc de St 
Brelade, Jersey, during 1914 — Report of the Committee, con- 
sisting of Dr B, B, Marett (Chairman), Dr A Keith, Dr 
C Andrews, Dr A Dunlop, Mr G de Gruchy, Col K 
Gardner Warton (Secretary) , appointed to excavate a Palaeo- 
lithic Site in Jersey 

Scheme of Operations 

Tiil OonuniUee arranged with Mr Ernest Daghorn, who had foi the 
thiee previous years earned out the excavation of this site with signal 
success, that for the sum of 601 (being the full grant authoiised by 
the British Association) he should supply thioughout the months of 
March and April 1914, viz , for forty-eight working days, the services 
of three experienced quairymen, while himself superintending then 
labours, thrt he should bear the responsibility for all accidents, 
and tint he should furnish whatever tools or other appliances might 
be required for the work The Committee has to thank Mr Daghorn 
lor having amply fulfilled all that was expected of him The men 
woiked with a will, and great intelligence was displayed in the 
execution of orders 

Attention was exclusively directed to the mam cave, already 
partially excavated by the Socidtd Jersiaise m 1911 and 1912 Mean- 
while it was hoped that it might be found to extend round the back 
of the ravine, up to now masked by talus, and so to be continuous 
with the smaller cave opposite, which Messrs Marett and de Gruchy 
uncovered in 1913 Hitherto exploration of the main cave had been 
confined to the outer or western side, where the roof is somewhat 
lower and the pile of superincumbent dt'bris consequently less As 
the side contiguous with the back of the ravine is approached, the 
mass overlying the pala3olithic floor and reaching up to the roof passes 
from about twenty-five to some forty feet of thickness, so that for 
every square foot of floor to be cleared an amount of material weighing 
approximately a ton has to be removed It was now decided to tackle 
this heavier part of the task and, as far as might be possible in the 
time, to carry the clearing right across the mouth of the cave to 
whatever might prove to be its inner or eastern limit 

For the first three weeks the attack concentrated on the upper 
portions of the cave filling, the extreme top being demolished by a 
successful piece of blasting which brought down some eighty tons 
The ultimate aim being to open up the floor outwards from a line 
running parallel to the mouth about eighteen feet from it, it was 
necessary to cut back the higher portions of the detritus to the extent 
of another ten or twelve feet, so as to provide some sort of slope, and 
thus minimise the result of sudden downfalls This was done without 
revealing either the true bick of the cave or the supposed chimney 
through winch the clay and rock-rubbiish, other than what is due to 
roof collapse, must have descended It may be noted, however, that 
a tentative excavation on the further or northern side of the chfi into 
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which the cave penetrates brought to light a considerable fissuie, 
about twenty feet higher than the level of what is to be seen of the 
cave-roof, and this may very well turn out to be the upper end of this 
hypothetical funnel For the rest, these topmost parts of the cave 
filling proved to be absolutely sterile, with the single curious exception 
that right at the back of the cave, some thirty-five feet above the floor, 
d piece of bone was noticed to jut out When this was with some 
difficult V rescued from its rather inaccessible position, it was found 
to have all the appearance of extreme antiquity, and is probably 
assignable to Bos Presumably, therefore, it is contemporary with 
the ca\e filling, and came down therewith from above 

Tt was calculated that it would bo just possible with two months’ 
woik to cany a dealing about eighteen feet broad light across the 
mouth of the cave to its eastern side-wall, since its iqipei and visible 
portion, distant about thirty feet from the opposite side-wall, showed 
a perpendicular diop which might bo presumed to extend indefinitely 
downwards On April 8, however, it was discoveied tint this wall, 
ilong the whole bieidlh of the eighteen feet in pioce&s of deaiance, 
was iindeiciii, at a point about sixteen feet abo\e flooi level, by \ 
fuither C'^vit} To judge by the narrow section opened up, theie is 
not less tlnn twelve feet of idditional penetration to he leckoned with 
on this side Shielded as it is by its lower roof, this annexe would 
appear to be at once remarkably dry and free fiom shattenng fills of 
rock Thus it offers conditions moie favour ihle to the preseivation 
of bone than the high domed cave on which it borders, and would be 
an ideal place in which to come upon human remains This discovery 
led to a modification of the original plan, the breadth of the clearing 
being reduced to about ten feet, so as, consistently with thorough 
exploration of the portion of floor uncovered, to stretch forth a 
* feeler ’ in this tempting dnection Nothing short of a fresh bout 
of excavation, however, supported by a grant no less substxntial than 
the last, will enable the Committee to cope with this unexpected 
literal extension of the mam cave, not to speak of the leaiwaid puts 
of the c^'^ern which are likely to prove moie oi less prolific also 

Tn proceeding towards the eastern wall it was at fiist impossible to 
note any stratification in Ihe gradually thickening floor owing to the 
large blocks distributed through it At about twenty feet, as measured 
from the western side, there was, for the first time, clear evidence of 
some soit of stiatification For thiee feet above floor level there was 
a bed of thick ashes of a deep black colour Above for about one 
foot succeeded an almost comnletely sterile layer Then, for another 
two feet, occurred frequent implements in a layer of brownish clay, 
interspersed with slight traces of a darker matter It was at first 
thought that the implements of the lower layer were rougher, and 
that, in particular, the typical Moustenan ‘ point ’ was absent Sub- 
sequent observation, however, controlled by careful segregation of the 
finds from each layer, failed to bear out this view, some of the 
finest points (one of them, however, being worked on both sides, and 
in this way suggesting an older style of manufacture) being found in 
the lower bed Of coiiise a more detailed examination of the products 



232 


REPORTS ON THE STATE OP SCIENCE — 1914 


of the diffeient layers may establish some sort of sequence in their 
forms When the recess on the eastern side was reached the height 
of the implementiferoiis soil amounted to as much as twelve feet above 
the point taken to lepresent floor level At the veiy top of this bed 
weie found three mammoth teeth and a laige number of well-made 
implements It is even possible to distinguish these highest portions 
as a thud stratum, since in one pi ice the top of the layer immediately 
above the sterile bed already mentioned was marked for about six feet 
by a thin line of almost pure sand This sand was not such as might 
result from disintegration of the local rock, and its occurrence almost 
suggested that the inhabitants of the ca\e must at one time have 
indulged in the hixuiy of a sanded flooi This line of sand stood at 
about SIX feet above floor level 

Osfeologtcal Eemain% 

At least 5,000 poitions of bone, mostly veiy fiagmentary, were 
discovered It has been found possible only to submit these to the 
loughest preliminary examination Di Andiews reports as follows 
on the selection of bones submitted to him at the Biitish Museum — 
Hycena Crocuta, vin Spelcea — ^Poitions of piemolar teeth 
Cami> Vulpes — !^^axllla 

Cerviis Megaceros (Irish Fflk) — Unworn upper mohi, fragment 
of mandible with molais 

Cervm Elaplitis (Bed Deer) — Poitions of jaw, with teeth 
Rangifer tarandus (Reindeer) — Numeious teeth, bones, and pieces 
of antler 

^ Capreolu<i Caprea (Roe deer) — A tooth 
(loot or Sheep — A tooth 

Bos primigemus — Fragments of bones and teeth 
Equu^ — Numerous teeth of a horse Ihe teeth are Urge, but it 
does not follow that the horse was 

Elephas primigemus (Mammoth) — Portions of a thin plated tooth 
Myodes torgimtu^ (Arctic lemming) — Numeious lower jiws and 
bones 

A metataisus of >ome species of Chouse 

This brings up the list of species (exclusive of varieties as in the 
case of Equidce and Bovulee) from six to thirteen. Rhinoceros ticho- 
rhinus having been found on previous occasions, and yields what may 
be described as a thoroughly representative Pleistocene fiuna of the 
cold, or tundra, type 

Artefacts 

The amount of worked flint unearthed in the couise of the recent 
excavation proved simply immense, over 3 cwt of implements and 
chips (including hammer stones) having been extracted It must be 
remembered that flint is not found tn situ in the Channel Islands, so 
that it IS perfectly certain that all flint found in the cave has been 
brought there by man It is impossible briefly to convey an impres- 
sion of the full extent of the material awaiting detailed study This 
site will assuredly bear comparison with any other Mousterian site as 
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a source of a representative series of types Very symmetrical ‘ points * 
adorned with the finest secondary chipping occurred to the number of 
several dozen The largest measuied 130x88 mm Curiously 
enough, a small piece broken fiom the bide of this specimen was 
recovered at a spot distant several yards away, though at the same 
level, the patina proving that the fricture was ancient Some of the 

* points ' were of Hie graceful elongated type that has been termed 

* hemi Soluirian ’ Ihe most characteristic of these measured 
97 X 63 mm It is to be noted that the implement from the lowest 
layer vorked on both sides was of this shape, measuring 115x52 mm 
It is made of a piece of flint of a ‘ knotty * kind which may well have 
invited additional trimming Seveial cases of double patmation occur, 
the most noticeable being that of a well foimed ‘ point ’ measuring 
70 X 50 mm , vvhich, having first been blocked out m true Mousterian 
style, has afterwaids Ind time to acqime a white patina (very similai 
to that characteristic of tlie Neolithic in Jersey, and thus possibly 
standing for some 5,000 yens), and has been subsequently subjected 
to elaborate re chipping along the edges A ‘ point ' beautifully 
worked in jasper, but, unfoituintel^, bioken at the base, is something 
of a cuiiosity For the lest, eveiy known i^pe of scrapei abounds 
Special notice ma^ be taken of a fiequent type in w^hich the core has 
been utilised as a handle A ceitain i umber of small pieces, the best 
examples measuring 50x22, 35x22, and 30x20 mm , beai a strong 
resemblance to arrow heids, the moie so as they ha\e notched bases, 
though to asciibe the bow to Mousteiian times may be somewhat 
unorthodox One specimen, again, is of tint ‘ lostiocuinate ’ type of 
which so much his litel^ been iieaid Apait from the worked flint, 
there is a vei> inieiestmg senes of utilised pebbles, eiery vaiiety of 
hammer stone being found It seems to ha\e been customaiy with 
the inhabitants of this cave to split pebbles, especnlly those foimed 
of diabase and to use the longitudinal sections as sciapers or 
polissoirs By good foitune it was possible to le constitute such a 
pebble out of thiee poitions found in diffeient paits of the lowest bed, 
at some distance fiom each othei Occasionally pieces of stone other 
than flint had been trimmed into the lough semblance of ‘ points 
the best example being of the haid sandstone {gri^ Armoncani) found 
in Alderney A \ei\ inteiesting soiies has been piovisionally con- 
structed of granite implements These occuried in the heait of the 
bed of ashes, side by side with flint implements of smailai foim, undei 
such conditions as almost ceitainly to exclude the possibility of their 
being accidental splmteis fiom the loof Ceitain bone fi igments 
showed cleaily the signs of having been cut with a flint knife, and it 
IS possible that the> will have to be i anked as implements, one of 
them, foi instance, whether by accident oi design, making a very 
convenient spatula It onl}r lemams to add that eaoiything that can 
possibly be of liuman woikmanship, including all the ine\itable 
de^hitaqc cVatelier, lias been caiefully pieseiaed and stored by the 
kindness of the Soci^t6 Jeisiaise m a special room, where the student 
can woik ovei the whole mateiial at his leisuie with eaeiy chance of 
constructing a truly classical senes 
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A chnowledgments 

The Chairman, Dr E E Marett, directed operations from 
March 21 to Apnl 22, inclusive, the Secretary, Colonel Warton, 
assuming responsibility foi the rest of the time Nine members of 
the Oxford University Anthropological Society, including Dr F C S 
Schiller and Mr W McDougall FES, took an active part in the 
work, while there were also many local helpers, most of them 
members of the Soc’(^t4 Jersiaise Special thanks are due to Mrs 
J3riard for the use of her car and for her personal assistance in the 
important matter of transport, to Mrs Coltart and Miss Bayly for 
their help both in finding and in dealing with the finds , to Mr G de 
Gruchy, the proprietor of the site, who helped in the actual work 
of excavation for about a fortnight, to Captain A II Coll art (Exeter 
College), who actively superintended the work dining its final stages, 
and took a leading part in arranging the material at the Museum, to 
Mr B de Chrustchoff (Lincoln College), who for a month inhabited 
a small cabin upon the site itself, and acted as custodiin of the 
treasure, to Mr T B Kiitiedgc (Exeter College), who was constantly 
at work for a month, and affoided great assistance in every way, 
to Mr Emile Guiton, of the SociG4 Tersiaise, who acted as photo- 
giapher-in-chief , to Mr Joseph Sinel, curatoi of the Museum of the 
Socidtd Jersiaise, who took efficient steps to secure the preservation of 
the osteological remains, and list, but not least, to Dr Smith Wood 
ward and Dr Andrews, of the British Museum, for the determinaiion 
of the fauna represented by these remains 

Future Policy 

The Committee wishes to apply to the British Association for a 
grant of not less than the sum pieviously given, m ordei that the 
work may be continued without delay It is well-nigh a certainty 
that a iich stoie of lemains awaits excavation, and, indeed, that it lies 
exceedingly neai to hand, more especially along the eastern side, 
where the hearth deposits aie paiticulaily rich Any such grant will 
be devoted entiiely to the work of removing the debus All incidental 
expenses will be met by local contiibutions, as in the piesent case 


The Production of Certified Copies of Hausa Manuscripts — 
Report of the Committee, consisting of Mr E S Hartland 
(Chairman), Professor J L Myres (Secretary), Mr W 
Crooke, and Major A J N Trfmearnf 

The sum of 20Z , placed at the disposal of the Committee in 1912, 
has been expended in payment of the printer 

Copies have been piesented as follows To the Committee for 
Anthropology, Oxford, the Syndicate for Anthropology, Cambridge, 
the Imperial Institute, the London School of Economics, TEcole 
d ’Anthropologic, Pans, the University Libiary, Berlin, the India 
Office Library, Exeter College, Oxford, Christ’s College, Cambridge, 
King’s College, London, and to various missionary and other religious 
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societies where texts m Hausawill be accessible and useful to students 
The usual copies have also been deposited m pursuance of the Copy- 
right Acts There remain three copies in hand which the Committee 
hope to distribute in a similar way shortly 


The Piehistoric Civilisation of the Western Mediterranean — 
Report of the Committee^ consisting of Professoi W Eidge- 
WAY (Chairman), Di T Ashby (Secretary), Di W L H 
Duckworth, Mr D G Hogarth, Sir A J Evans, and 
Protessoi J L Myefs, appointed to report on the present 
state of knowledge of the Prehistoric Civilisation of the 
Western Mediterranean with a tiew to future research 
(Drawn up by the Secretary ) 

Ouu knowledge on this subject has made consider ible progress in 
recent years, though one of the rnnn hypotheses— that of the advance 
of the so-called * Mediterranean ’ race (to which several scholars 
attribute the rnegalithic civilisation of the end of the Neolithic and 
the dawn of the Bion/e Age) from Noith Africa — has jet to be tested 
by further reseuch in Tripolitania and Cyrenaica, which we may hope 
that Italian archaeologists will shortly be able to undertake In the 
meantime, the megalithic remains of Maltr have been studied to 
some extent by the British School at Koine, though more work might 
be profitably undertaken there, a considerable number of dolmens are 
now known in Sardinia, and a new group of them has recently been 
found in the neighbourhood of Ban, in the south east of Italy 

It would be important to study the intermediate links in the chain, 
which seems to connect the megalithic ciMlisation of the Western 
^Mediter raneaii with that of our own islinds and the dolmens of 
Spam and Portugal might with some profit be further examined 


The Teaching of Anthropology — Report of the Committee, con- 
sistmg of SnUiCHAUBTEUVLL (Chairman), Di A C Hvddon 
(Secretary), Sii E F m Tuurn, Mi W Crookl, Di C G 
Seligaiann, Piofessoi G Elliot Smiih, Di E E Marltt, 
Piofessoi P E NEWBrRRY,Di G A Aldfn, Professors T H 
Bryce, P Thompson, E W Eeid, H J Fllure, and J L 
Myres, and Sir B C A Windll, appointed to investigate 
the above subject 

The President of Section II, Sir Kich ud Temple, initiated a discus- 
sion at the Biinunghain Meeting on the practical application of 
anthropologic il teiching in Univeisities A report of this discussion 
was printed in Man, 1913, No 102, giving the Piesident s opening 
statement, extracts from letters from distinguished administrators and 
ethnologists, and an abstract of the speeches made by Sir Everard im 
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Thurn, Mr W Crooke, Lieut -Colonel Gurdon, Dr Haddoii, Dr 
Marett, and Piofessoi P Thompson 

A Committee was appointed by the British Association for the 
purpose of devising practical measures for the organisation of anthro 
pologicdl teaching at the Universities in the British Islands With 
this committee was associated a committee appointed by the Council 
of the Eoyal Anthropological Institute These committees met in 
joint session at tlie Institute, under the chairmanship of Sir Eichard 
Temple, and passed the following resolutions * (a) It is necessary to 
organise the systematic teaching of Aiithi opology to persons either 
about to pioceed to, or actually working in, those parts of the British 
Empire which contain populations alien to the British people (b) The 
organisation can best be dealt with by the collaboration of the Eoyal 
Anthropological Institute, the Biitish Association, and the Umversi 
ties, with the support and co-opeiation of the Government, the Foreign 
Office, the India Office, the Colonial Office, and the Civil Service 
Commissioners (c) It would be well foi the organisation to take the 
form of encouraging the existing Schools of Anthropology at the 
Umveisities and the foimatioii of such schools where none exist 
(d) As laboratories, a libiary, and a museum, readily available for 
teaching students, are indispensable adjuncts to each school, it is 
desirable to encourage their foimaiion where they are not already in 
existence * 

By the couitesy of the Mastei iiid Waidens of the Woi shipful 
Company of Drapers of the City of London, a confeience to considei 
the findings and recommendations of the Joint Committee was held in 
the Hall of that Company on Febiuaiy 19, 1914 The President of 
the Conference was the Eight Hon the Earl of Selborne A large 
number of repiesentatives of vaiious Home and Colonial Government 
Departments, Universities, Societies, as well as politicians, adminis- 
trators, and others, weie piesent or sent letters of regret at their 
inability to be piesent at the Confeience, and expiessing their sym- 
pathy with the puipose of the Confeience A full leport of this 
Conference will be found in Man, 1914, No 35 

In November 1913 Sir Eichaid Temple addiessed the Indian 
Civil Service students at Exeter College, Oxford In February 1914 
he published a pamphlet entitled * Anthropology a Practical Science, ’ 
which included his Birmingham Addiess (1913), an Address delivered 
in Cambridge in 1904, and extracts from that given at Oxford (1913) 
In March h^ addressed the x\meiican Luncheon Club, and also the 
Sphinx Club, both mercantile institutions, on Anthropology in its 
‘ business ' aspects And he has engaged to do the same at the 
Merchants' Luncheon Club at Hull 

It has not yet been possible to place the findings of the Conference 
before the Prime Minister, whose time has been, and is still, taken up 
with urgent matters of State An endeavoui to secuie an audience 
with the Prime Minister will be made when an opportune moment 
ariives 
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The Ductless Glands —Report of the Committee, consisting of 
Professor Sir Edward Schafer {Chairman), Professor Swale 
Vincent (Secretary) , Professor A B Macallum, Dr L E 
Shore, and Mrs W H Thompson (Drawn up by the 
Secretary ) 

Mr a T Campron Ins cpntinued liis investigations on the presence 
and function of iodine m different tissues Examination of the thyroids 
of the elasmobranchs Scyllium canicula and Raia clavcUa gave positive 
results, t^ose for female Scylhum thyroids (1 16 per cent ) Being 
higher than any previously reported ^ Examination of the thyroids of 
the dog-fish Acanthias vulgaris, of the frog, of the alligator, and of 
the pigeon gave positive results, the variations found being traceable 
to variations m diet Compaiision of the iodine content of thyroid and 
parathyroid tissue in the dog give such marked differences as to 
warrant the assumption that the parathyroid is not concerned with the 
pioduction of iodine comjiounds, and, therefore, as far as these aie 
concerned, that there is a differenti \tion of function between the two 
glands ^ 

A wider investigation has shown, in compirison with data pieviously 
published by others, that Kxline is an almost invariable constituent 
of all organisms, plant and animal, the amount depending on the diet 
and medium of the organism With higher development there is greater 
specificity of the tissue concerned in storing iodine, until in the 
vertebrates no tissue except thyroid contains appieciable quantities 
Thymus especially has been examined in a large number of species, 
with negative results All noimal thyioids contun iodine, the amount 
varying with the diet, and between the limits 0 01 and 11 per cent 
(dry tissue) Other obsei\ers have shown pieviously that sponges and 
corals (besides many algie) contain qu intities of iodine compai ible wuth 
that m the thyroid Three other types of tissue have been found in 
marine organisms which contun amounts of iodine over 01 per cent 
(diy tissue) vi7 the lioiiu tubes of Eunicid woims, the external 
cutaneous tissues of the * foot ' of the horse-clam, and the test of a 
tunicate Further woik will be earned out to determine the type of 
iodine compound m these tissues, with a view to throwing furthei light 
upon the type of iodine compound in the tinioicl The abo\e results 
aie in course of publication 

Mr Camel on is also engaged in woik on the effects of feeding iodine 
compounds (and thyroid) on the amount of iodine piesent in the thyroid 
gland, with a view to deteimine the late of inciease oi diminution 
These results are not yet ready foi publication 

The Secretaiy has been engaged upon various pioblems connected 
with the ductless glands The effects of vaiying conditions upon the 
histological stiuctuie of the thyioid and puathyioid have been imesti- 
gated in a preliminaiv fashion but tlio lesults aie conflicting and 
difficult to inteipiet The \untions in stiuctuie in noimal thyroids 


^ Biochem J , 7, 466, 1913 


3 J Bio * Chem , 465, 1914 
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are so great that the effects of feeding, drugs, &c , cannot be sum- 
marised in a definite manner ^ 

The pharmacodynamics of different extracts have also been studied 
Among other facts to which attention will be called in subsequent 
publications it may be mentioned that large doses of adrenin by no 
means always inteifere with the normal action of the vagus, that the 
rise of blood-pressure due to injection of adrenm is of a double nature, 
and that comparatively small doses of the last-mentioned drug 
frequently cause an unexpected fatal result in dogs 

The effects of adienm and thyioid extracts upon the activity of the 
vagus have led to an inquiiy as to the effect of hormones upon 
vaso motor reflexes, and owing to the unsatisfactory accounts given 
in the majority of books as to the actual facts in connection with these 
reflexes, it has been necessary to extend the inquiry so as to include 
a consideration of the vaso rnotoi reflexes m general So far, the only 
hormone which appears to give any interesting results is the extract of 
pituitary, the effect of injection of the extract being to change the nature 
of the reflex, so that in cases where, for example, stimulation of the 
central end of the sciatic produces a fall of blood-pressure, after 
injection of pituitary extiact a similar stimulation produces a rise 
This work is neaily ready for publication 
The Committee desire to be reappointed with a grant of 40/ 


Calomnetnc Observations on Man — Report of the Committee, 
consisting of Professor J S Macdonald (Chairman) , Dr 
F A T>\JFFiEhT) (Secrdary), a7id Dr Keith Lucas, appointed 
to make Calorimetric Observations on Man in Health and in 
Febrile Conditions (Drawn up by the Secretary ) 

In furnishing a report upon the caloiimetnc woik undertaken during 
the past year, it is necessary to lefer to a paper published by Professoi 
Macdonald and printed in the ‘ Pioceedmgs of the Royal Society,’ 
B, vol 87, 1913, and to a comraunic ition to the Physiological Society, 
May 1914 The commencement of the first papei, containing a de 
scription of the apparatus and of the method of procedure followed 
m these experiments, may be omitted here, since these have been in- 
cluded in previous lepoits of this Committee The latter part, which 
IS the collected and digested results of a very large numbei of experi- 
ments made upon a variety of individuals, foims a large part of this 
report 

The experiments all through have been carried out by Professoi 
Macdonald with the apparatus and in the manner already described 
by himself in the earlier reports The subject, shut up within the 
calorimeter, was made to perform a definite measured amount of 
mechanical work upon the cycle The degree of work was varied in 
different experiments, and fiom the data of these heat production 

* See discussion, Lancet, 1914 (March and April), by Bell, McGarrison, 
Chalmers, Watson, and Vincent 
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figures have been obtained which fall into four groups corresponding 
to the grades of mechanical work done It has b^n found that these 
lesults may be expressed by a constant multiplied by a function of 
the subject's weight, which varies with the amount of mechanical 
work perfoirned in the different gioups, t e 02, 03, 07 and 09 h -p 

Group A — Heat production = 


„ B- 


= 

„ c- 

a 


.. D- 

if 

= K„ 


Fiom these results it is evident that the weight becomes less and 
less of a handicap as the mechanical work increases And, to cany 
this a stage furthei, the queiy arises as to the likelihood of the weight 
becoming a positive advantage at a still higher giade of mechanical 
work 

The communication to the Physiological Society contains a formula 
for one of the subjects cycling at a revolution late varying from 40 
to 98 revolutions per minute, and peifoimmg external woik against a 
brake vaiying in diffeient expeiirnents from 0 to 73 caloiies per hour — 

56 8 

48V -f — X work in Kals per hour =Kils per hour 

The first part of the formula represents the heat production associated 
with tlie rate of movement ‘ V,' and is the same no matter what tlie 
^ due of the external work performed by the movement The second 
is the * coefficient of efficiency ' multiplied by the external work done, 
iiid fully represents the he it production as'soeiated with the peifoini- 
xnce of external work It will be noticed that this coefficient of 
efficiency is represented as varying iinersely with the two thirds 
power of the subject’s weight, and tint the ‘ efficiency ’ which is its 
reciprocal therefore vines directly with this \alue lliis hsb been 
found universally the c ise in the drta fioni all the lemammg subjects, 
and explains the fact that iii the hcwier woik experiments the results 
become independent of the subject s w^eight, if consideration is paid 
to the other fact, also elicited from these drta, that the heat production 
associated with nio\ements per se (irrespective of the mechinicrl work 
pel formed by them) vanes, on the other hand, dircctl} with the function 
of the weight In f ict the totil energy ti insfoimrtion is the sum 
of the two factors, one due to the subject s morements per sc raiying 
directly, the other due to performance of metliiiiRrl woik in the 
course of these movements vai}ing inversely as the subject s weight, 
but in ncithci case in a simple linen fashion llie gtneirl formula 
given (Proc Physio Soc , Mvich 1014), is 

\wi 56 3 - 

87WVi«w + yfi ^ work 

The first fraction is probably expressible in the following form — 

K'Y 

KWV^* where is the nituial rate due to the ‘pendular 

character * of the limb movements, and V is the particular rate 
imposed m each experiment 
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Professor Macdonald also finds analogies between these results and 
those of walking expeiiments described by Douglas and Haldane in 
‘Phil Trans * B, cm , p 245 A full consideration of the matter will 
be found in a paper communicated, June 1914, to the ‘ Pioc Boy 
Soc * on the ‘ Mechanical Efficiency of Man * 

The section of the work dealing with the lespiiatory changes has 
also been continued during the past yeai A number of experiments 
have been performed in which the lespiratoiy interchange of a man, 
doing a measured amount of mechanical work upon a cycle m the 
calorimeter, has been investigated The calorimeter is ventilated by 
means of a stream of air drawn thiough it at a uniform rate by a 
pump and measured by a meter placed on the distal side of the latter 
All lihree are connected by tubing, through which the air flows, and 
the an as it leaves is sampled by suitable means every ten minutes 
The samples thus obtained are examined by the gas-analysis appaiatus 
devised by Di Haldane, and the carbon dioxide and oxygen percentage 
detennmed The carbon dioxide figures, when plotted against the time 
on squared paper, take the foirn of a cui\e using steadily to a hoiizoiital 
asymptote 

In order to understand the figuies thus obtained it was obviously 
necessary to inquire into the question of stoiage of gases within the 
calorimeter, and to do this a number of calibration experiments (17 m 
all) were made, in which a stieam of carbon dioxide, measured by a 
gas meter and generated by a modification of the apparatus described 
in a paper by Young and Caudwell (‘ Soc Cliem Ind ,* March 1907), 
was passed into the calorimeter at a uniform rate, and the ten minutes' 
samples examined in the manner described in the experiments on the 
human subject Attempts were then made to discover tlie relation 
which exists between the curve of the carbon dioxide in the leaving air 
and that of the carbon dioxide introduced from the generating appara- 
tus , but so far the results appear so complicated that no definite relation 
has been arrived at However, quite recently Mr G H Livens, M A , 
Lecturer on Mathematics to the University, has rendered most valuable 
assistance tow^ards solving tins problem A fairly accurate empirical 
formula has been obtained from the actual readings, but it is not of 
such good agreement with the theoretical formula as is desired, and 
further experiments aie being made to detect the cause of the dis- 
crepancy 

Owing to the appeal ance of a considerable eiroi in the readings of 
the large meter used for measuring the volume of tlie air flow through 
the calorimeter, it became necessary to replace it by a water meto 
supplied by Messrs Parkinson and Cowman, Ltd Also, a large number 
of tests were made, both m the Physiological Laboratory and through 
the courtesy of the Sheffield Gas Company at their test room, on the 
small meter which is used for measuring the volume of carbon dioxide 
introduced into the calorimeter in the calibration expeiiments men- 
tioned above I am now ceiiain that the error in our estimation 
on these accounts is well undei 2 per cent 
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The Effect of Low Temperature on Cold-blooded Animals — 
Report of the Committee, consisting of Piofessoi Swale 
Vincent (Chairman) and Mr A T Cameron (Secretary) 
(Drawn up by the Secretary ) 

Mu A T Cameron has continued the expeiiiiientb of Caiiieion and 
Biownlee on fiogs communicated in the last leport, and has arrived at 
the following conclusions — 

(1) The death temperatuie of R pipien^ fiorn cold is - J 23^ ± 
0150 C 

(2) There is no climatic adaptation, nor any periodic adaptation due 
to hibernation, in R ptpiens 

(3) The cause of death is a specihc temper atuie etteet on the co- 
ordinating centres in the central nervous system Those controlling 
lung respiration may be specially concerned 

(4) Frogs survivmg degrees of cold such as those occurring during a 
Manitoban winter do so below the surface, near the margin of springs, 
and are themselves never subject to temperatures below the freezing- 
point of water 

(5) There seems to be a slight variation in the death temper rtuie 
from cold, of different species of frogs, amounting to some tenths 
ot a degree Centigrade 

(6) Frogs heated rapidly to normal loom-ternper iturc from a tern 
peiature just below the freeznig-point of their body-fluids (md not itself 
cajrable ot causing death) are thiown into a peculiar hypcrsensiti\c 
condition, in which cessation of lung breathing tikes phee for long 
periods 

These results are deduced from experiments with R pipiens from 
Manitoba, Minnesota, and Illinois, with R clamitans from Minnesoti, 
ind with R sphenocephaJa from C Carolina The experimental details 
will be published elsewdiere The Committee do not wish to be re- 
appointed 


Miners' Nystagmus — Interim Report of the Committee, con- 
sisting of Piofessoi J H Muirhead (Chairman), Di T G 
Maiilaxd (Secretary), Di J Jameson Eaaxs, and Ui 
C S M\ers, appointed to investigate the Physiological and 
Psychological Factors in the Production of Mineis' 
Nystagmus 

Factors concerned (a) Internal, ctntril rnd peripheral (b) External 

Two features have long been admitted to be pio\oking agencies m the 
production of miners’ nystagmus — an external factor, defectne lighting, 
and an internal or peripheral factor, viz , muscular stiain The former, 
defective lighting, is found to be the more important, and oui examina- 
tion led us to conclude that where this factor is m greatest evidence 
there we find the greatest incidence of cases Miners’ nystagmus is 
a disease limited practically to coal-mimng, and, fuithei, it is associated 
with the use of lamps of small illuminating power, such as the Davy 
1914 B 
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or its modifications, so that it is rare, even in coal-mines, to find 
cases of nystagmus where moie powerful illummants such as candles 
and electric lamps aie used Moieover, the great absoiptioii of light by 
the coal surface diminishes the illuminating value of the lamp employed 
This absence of reflections from walls, floor, and ceilings interferes 
with clear visualisation, since direct rays aie nevei so satisfactory as 
diffuse rays The other factor mentioned above — muscular stiain, 
especially of the elevators of the eyeballs — is also taken into considera- 
tion, notwithstanding the difference of opinion on the importance of 
this Snell has collected several cases of nystagmus which, as in the 
case of compositois, has followed strain m this way, and ve have 
ourselves found that there is a larger number of cases of miners* 
nystagmus associated with 'holing* tlun in any other occupa- 
tion underground — under conditions, theiefoic, wliicli demand an 
awkward posture wuth straining of the head and eyes Othei sources 
of peripheral iintation are opacities of the media, errors of refraction, 
pigmentary and other ocular defects, which tend to produce or aggravate 
nystagmus by either modifying illumination or by causing muscular 
btrain or by intei feiing with the direct rays on the fovea 

Taking all these factors, however, into consideiation — fictois which 
aie generally acknowdedged — the fact remains that, working under 
similar conditions of illumination and strain, a laige percentage of 
miners do not develop nystagmus, and it is our object to find out wliat 
IS the decisive factor Admitting the exteinil factois m those who 
develop nystagmus to be more or less constant, admitting the occa- 
sional possibility of peripheral factors such as tliose xboae mentioned 
tliere remains some factor unaccounted foi which explains tlie selection 
of certain miners for this trouble At this stage of om inquiry, how- 
e\ei, we investigated what seemed to us a neglected fu Id — the lelative 
sensibility of the retina in the foveal and m the ])ciifo\edl legions — 
and for this leason The peculiar modifications which the duk idapted 
eye undergoes might bung about a still fuithei interference with the 
illumination by a reactive functiora on the part of the percipient 
A consideiation of the conditions of woik in the coal mine sug 
gested veiy strongly the importance of the possession by tlie mineis 
of delicate vision sensibility Before dark adaptation could be fully 
developed the miner at his first entry into the pit would have to 
strain his vision under the most tiyiiig circumstances to avoid lopf 
obstacles as he made his way to his work Such a sti iin would display 
itself m the muscles chiefly involved, such as tlie elevators of the 
eyelids and of the eyes It is inteicsting clinically to find the initial 
symptom complained of is a heaviness of the lids 

At work on the coal face the miner wrth his eyes on the coal 
suiface would be subjected only to a few reflected rays fiom smooth 
facets of coal and some little diffused light from the coal surface 
generally Veiy dim light would bring out the 1 iteiit differences m 
the visual sense such as the differences of acuity between foveal and 
perifoveal vision If the rays were too feeble to excite foveal sensation 
they might yet stimulate perifoveal sensation 

Our theory regarding this particular featuie of the eye was that a 
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perifoveal sensation, m the absence of foveal sensation, or a perifoveal 
sensation of greater intensity than a foveal sensation, would excite 
a fixational or movement reflex This would bring the exciting point 
in the marginal field on to the fovea, and would then either cease 
altogether to excite sensation or would be so diminished m intensity 
as to lay the eye open again to marginal stimulation With a central 
stigma, a neurasthenic diathesis, there would be present all the material 
for the development of a habit spasm 

A large number of observations were made on students, assistants, 
and oursehes with a piece of apparatus described in the appendix 
This apparatus was arranged to present a spot of light the intensity of 
which was controllable The open eye was directed on this spot while 
the room was in full daylight, and then the room wis suddenly plunged 
into darkness At the end of five seconds the subject was examined as 
to his ibility with direct vision to perceive this faintly illuminated spot, 
it'^ intensity rapidly altered until the subject wis only just able to per- 
ceive it The time for this, the minimum visibile, usually took about 
five seconds, and the degree of illumination was remarkably constant in 
all these cases, so much so that we were able to fix on this degiee of 
light intensity as oui zero The direct vision was contrasted with 
indirect vision, the subject being diiected to look slightly away from the 
spot of light, which at once appeared to become more \ ivid The inten- 
sity was then dimimslied until here again the sj)ot was only just dis- 
cerned, and so we obtained a minimum vision vis’bile for indiiect oi 
peiifoveal vision 

At intervals of two and a half minutes the minimum visibile was 
estimated foi both fovea and perifovea, and we were able to lepresent 
in giaphic foim the increasing sensibility of the retina to faint illumina- 
tion In general the daik adaptability of fovea and perifovea inci eased 
rapidly up to the end of half an houi, less rapidly up to the end of two 
hours, ariiving then at its miximum sensibility it lemained stationaiy 
The perifovea thioughout this development of daik adaptation not only 
retained its piimaiy advantage, but slightly increased that advantage up 
to the limit of change In oui expeiience in the coal mines we nevei, 
however, felt that the maximum amount of sensibility was evei in 
demand, and while the light was indeed feeble enough to be exces- 
sively irritating to our unaccustomed eyes, yet nowhere did we find 
working conditions approaching our experimental conditions Was the 
minei^s eye difleiently equipped from our own, did it possess a gi eater 
adaptability through use and habit ^ 

This led to an examination of the dark-adaptability of mineis who 
had been afflicted with nystagmus, and here we found without exception 
a totally unexpected condition, yet one which now lendeied plausible 
our fixational hypothesis Instead of finding a gieatly inci eased adapt 
ability as a result of long use and cultivation of the eye in the dark, 
we found that in this respect it was gieatly inferior to the * normal ' eye 
In the first place the ‘zero * was not perceived until after about five 
minutes of exposure to the daik, and tlaen once perceived it remained 
without an appreciable development through the two hours* experiment 
This peculiarity on the subjective side amounted to the same thing in 
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Its effects as a modification of the external factors of the illumination, 
so that the differences observed in the normal eye, under the experi- 
mental condition desciibed above, might in the case of the miner come 
into operation under the condition of his vvoik owing to the altered 
sensational values following retinal insensitiveness The fact is that 
the theoiy of ‘ fixational reflexes-* might yet be true of the behaviour 
of the miner *s eye in the coal mine 

The conclusion of the research so far then seemed more and moie 
to lay stress on the one well recognised agency, that ot illumination, and 
that insensitiveness of the letina really amounted to the same thing 
as an absolute decrease in the illuminant 

There lemains foi examination the actual excursion of the eye, and 
an examination into the nervous system of the afflicted miner 

Since this was wiitten an examination of unaffected miners has been 
made, with the result that there is no appreciable difference between 
then dirk adaptability and what we describe as the normal 

The i.'pjmrntu^ for estimating the Minimum Tjight Sensxhilitij in the Process of 

Dark adaptation 

It (onsi^^ts of an oblong box, the front of which is pierced by a round hole 
withd diameter of 20 mm , which is covered by an opal disc At the back of the 
box exactly facing this aperture is a sheet of white paper which reflects light 
thrown upon it on to the disc At the side of the box is another aperture into 
which a tube nearly 2 m long fits This tube carries within it a small 2 volt 
lamp which can be moved quite freely from end to end The light from this 
lamp IS thrown on a miiroi so placed that it reflects this light on to the sheet of 
papei, which then reflects it on to the disc It was only in this way the light 
could be sufficiently diminished to obtain marginal stimuli 

After a number of experiments we arbitrarily decided upon our zero — that is, 
the light that could be only just perceived five seconds after the room was 
plunged in darkness At intervals of two and a half minutes the subject was 
tested again, and the lamp was gradually moved away from the box until the 
subject failed to perceive the disc 


The Investigation of the Jurassic Flora of Yorkshire — Report 
of the Committee y consisting of Professor A C Seward 
(Chairman) y Mr H Hamshaw Thomas (Secretary) y Mi 
Harold Wager, and Professor F E Weiss 

This year attention has been concentrated on the plant beds on and 
near !^seberry Topping, North East Yorkshire, more especially on the 
Thinnfeldia beds A careful search was made for the reproductive 
structures of Thinnfeldia y and this was rewarded by the discovery of 
numerous associated seed-like bodies, whose structure has yet to be 
investigated, and which may, perhaps, prove to belong to this 
plant A new example of a Williamsoniella flower-bud was found, 
which is of interest in greatly extending the range of this form Some 
fruits and seeds, probably referable bo the provisional genus Caytonuiy 
were also discovered, though they were previously known only from 
Gnsthorpe One or two new forms were found, and many duplicates 
of the more interesting species were collected It is not proposed to 
continue field-work and collectiner in tbp fntnrp on the cinmA rcaIp oq 
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duiing tlie past thiee yeais until the existing collections have been 
fully investigated 

The Committee does not seek re appointment 


The Vegetation of Ditcham Park, Hampshire — Interim Report 
of the Committee, consisting of Mi A G T\NbLFY {Chair- 
man), Mr E S Adamson (Secretary) , Dr C E Moss, and 
Prolessor E H Yapp, appointed for the Ini estigation thereof 

SiNCL the date of tlie last lepoit a laige numbei of experiments hive 
been earned out with evapoi imetei s Especially, a large senes of 
simultaneous leadings liave been taken, covering a consideiable penod, 
from mstiuinents placed in vanous positions in beech-woods, coppices, 
and in open giassland Seveial of the results suggest fuithei lines of 
experimentation and leseaich, but a much laigei number of leadings 
must be obtained befoie any geneiahsation can be enunciated The 
evapoi imeter leadings have been lun concuiiently with a senes of 
leadings of wet and diy bulb theimometeis, and also of maximum ind 
miniinurn therniometeis which ha\e been placed in association with the 
evapon meters 

The woik on soils has commenced, but so fai has been m iinly 
picliminaiy Expenments have been made on soil tempt i ituics, 
especially in relation to exposuie, diainage, woodhiid canopy, tic 

The geneial prehrnmaiy nnpping of the \anous associations com 
posing the aiea has been completed, and an malysis of them has been 
made from the topogiaphical and tlonstic standpoints as a basis for 
experimental woik m the coming season In this connection special 
attention has been paid to the successive changes occuiiing aftei 
coppicing till the re foiming of the full canopy, and also to the question 
of the recolon isation by tiees of cleared aieas and gi isslands Data 
hive been collected which serve as a stai ting- point foi a moie detailed 
study 

The lie IS enclosed against i ibbits Ac , haac also been undei 
obsei\ation, and the changes occuriing haae been examined and 
recorded 

The Committee asks to be reappointed, without a giant 


E ipcrinu ntal Studus in the Physiology of Heredity — Report of 
Committee, consisting of Piofessoi F F Blackmw (Chair- 
man), Mi E P Gregory (Secretary), Piofessoi W 
Bateson, and Professoi F Kefble 

The giant of 30? has been expended m part payment of the cost of 
expenments conducted by Miss E E Saundeis, Mi R P Ciegoiv, 
and Miss A Gaiidnei Miss Saundeis' expenments with stocks ha\e 
had foi then mam objects — 

(1) The iinestigation of the condition known as half hoanness and 
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its relations to the glabrous and fully-hoary forms A new half-hoary 
lace, which has been obtained after some difficulty, has made it possible 
to design a complete series of experiments, which is now in progress 

(2) The further study of the gametic coupling already shown to exist 
between the factors for double-flowers and plastid colour This in- 
vestigation promises to give results of great interest, but a further 
generation must be raised before a statement can be made 

(3) A result of some interest is the discovery that the double- 
flowered plants, at least m some strains, have a more lapid and vigorous 
growth than the singles It is thus possible, by means of selection 
based on this diffeience, to obtain a far higher peicent ige of doubles in 
the flower-bed than would be expected fiom the normal output of 
doubles by a double-thi owing single 

(4) A beginning has also been made with Die woik of obtaining a 
complete senes of types of known factonal constitution, so tint a supply 
of material may be avaihble foi testing the view which has been put 
forward as to the inter relations between the factois detei mining hoari- 
ness and sap coloin 

Experiments with foxgloves hive been designed foi the investigation 
of a cuiious condition of partial hoinness, as well as for obseivations 
on the lange of variability in the liepiandra form 

Experiments by Mi Gregoiy with Primula sinensis have been 
design^ chiefly with a view to the investigation of the cytology and 
genetics of ceitain giant laces, which hx^'e been shown to be in the 
tetraploid condition, that is to sxy, they have 4r (48) chromosomes m 
the somatic cells and 2x (24) chiomosomes m the gnni tic cells, wheieas 
in the diploid races the numbeis aie 2x (24) and z (12) lespectively 
These experiments have given results of very gicat interest, which may 
be biiefly summarised by saymg that the reduplication of the chiomo- 
somes has been found to be accornpinied by a lediiplic ition of the 
series of factois \n xccount of this woik hxs been published in the 
‘ Proc Eoy Soc B , A ol 87, p 484, 1914, and it is hoped that a 
further statement will be made at the meeting of the Biitish Association 
in Australia Fiuther expeiirnents with these tetiaploid plants aie 
designed especially to investigate the phenomena of coupling and lepul- 
sion between certain factois These expeiirnents piomise to yield 
results of very great interest, both as regards the genetics of tetiaploid 
plants and as regaids cytological theory as to the possible lelitions 
between factois and chromosomes 

In the experiments with the ordinary diploid laces, an inteiesting 
case has been discovered in which the coupling between the factors for 
magenta and gieen stigma is on the system 7 1, wheicis in a very 
large number of other experiments the coupling (or lepulsion) between 
these factors is of a very low order, appaiently less than 3 1 

A paper is m the couise of prepaiation, and will shortly be 
publislied in the ‘Journal of Genetics,' on the inhciitance of green, 
variegated, and yellow leaves in Primula The variegated plants consist 
of a mosaic of two kinds of cells, respectively like those of the puie 
green and puie yellow leaved plants The characters of the chloro 
plasts, on which greenness and yellowness depend, have been found to 
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be inherited through the egg-cell only, the male gamete playing no part 
in determining the nature of the offspring in respect of these characters 
The experiments of Mr E P Gregory and Miss Gairdner on the 
inheritance of variegation and other characters in Tropceolum have been 
continued It is hoped that sufficient data will have been gained by 
the end of the present season to permit of the publication of an account 
of this work Present results indicate that in TropcBolum variegation 
is inherited m the usual way from both the father and the mother, and 
IS a Mendehan recessive character Other characters in Tropceolum 
which are being studied are those of colour and habit (dwarf or trailing) 
The experiments on the gyrnndrous variety of the Wallflower and 
its relition to the normal type are nearing completion, and it is hoped 
that an account of them will be published next yeir 

The Committee ask for reappointment with a grant of 45Z The 
expenses of these experiments involve an annual outlay of about 110/ 
to 120Z By far the largest item in this expenditure is the cost of 
labour, which has increased during the last few years with the general 
rise in wages which has taken place Other important items are those 
of the rent of the garden and the cost of heating the Primula house 
Dining the present year Miss Saunders and Mr Giegor} jointly receiae 
a grant from the Eoyal Society of 60/ in aid of the cost of this work 


Breeding Experiments tctlh Ginotheras — Beport of the Com- 
mtltec, consisting of Piofessoi W Bmsov (Chairman), Pro- 
fessor F KI’LBLL {Si( ntanj), and '^]\ E V CrRicam^ , 
appointed to earrij out the Eaperiments 

Tnr Conamittee h\^e leceucd the following Eepoit from Dr E E 
0 ites on the experiments wlucli he has mule — 

‘ The grant of 20/ naade by the British Association for CEnothora- 
breeding lias been applied to the expenses of these experiments during 
the list yen In the season of 1913 about 10,000 plants were grown, 
representing a great man} races aiad hybrids of (Enothera The plants 
were grown at Eothamsted on a two acre plot set apart for the purpose 
They developed very successfully, nearly every indi\ulual reaching 
maturity The largest senes of hybrids were the F3 from (E grandi- 
fioia, (E ruhricalyx and its reciprocal, aiad the F3 of crosses between 
CE grandtflora and CE Lamarckiana The F3 generation of the former 
cross confiims and extends the results of the Fj and F^ generations 
already published in ‘ Zeitschr f Abst 11 Vererb ,* \ol xi They 
show in particular that both blending and alternative inheritance of 
characters occur Some of the plants, which have been examined 
cytologically in conjunction with Miss Nesta Thomas, fuither emphasise 
the fret that mutrtion rnd hybridisation in CEnothera are separate 
processes, both of which may go on together Some of these results 
will be incorporated m a book now in preparation ’ 
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The Renting of Cinchona Botanic Station in Jamaica — Report 
of the Committee, consisting of Professor F O Bower 
(Chairman), Professor E H Y\pp (Secretary), Professors E 
Buller, F W Oliver, and F E Weiss 

The Committee has met twice The negotiations with the Jamaican 
Government are progressing favourably, the Committee having been 
assisted by the advice of Sir David Pram There is every prospect of 
the house and buildings being let to the Committee on an annual tenancy 
to commence from October 1, 1914, at a rent of 25Z There has, 
however, been considerable delay, partly owing to the long posts, partly 
to the progress of papers through official channels 

As no agreement has yet been signed the grant of 25Z has not 
been drawn But in view of the prospect of negotiations being com- 
pleted on the terms above stated, the Committee ask that they may be 
reappointed, and that the giant of 25/ he oaiiied ovei to tlie ensuing 
yeai as an unexprndod balance 


Mental and Phywal Factors iniolied in Fjducation — Report of 
the Committee, consisting of Di C R Myfrs (Chairman), 
Piofessor J A Grffn (Secretary), Professor J Advms, Dr 
Ct a Aidfn, Sir Edward Brvbrook, Di W Brown, 
Professor E P Cll\erwfll, Mr G F Danifll, Miss B 
Foxley, Piofessoi E A Gut gory, Di C W Kimmins, 
Professoi McDoug^ll, Drs T P Nunn, W H E Eivfrs, 
and F C Shrubsall, Mi H Bomp\s Smith, Piofessor C 
SPE\RAt\N, Ml A E Twextamvn, and Di F Warxfr, 
appointed to inquire into and report upon the methods and 
results of researeh into the Mental and Physical Factors 
iniolied in Education 

Tm Committee lias to lepoit the letnement of its Chaiiman, Pio 
fessor J J Findlay, and the election of Di 0 S Myeis in his place 
They have been engaged in colliting the data which was pro- 
visionally repoited upon it Birmingham, and hope to piesent the 
results in a definite foun foi the Manchester Meeting in 1915 The 
Committee asks to be leippointed, and applies foi a gi int of 90/ 
to include the unexpended balance from this year’s grant 


Influence of School-books upon Eyesight — Interim Report of 
the Committee, eonsisting of Dr G A Auden (Chairman), 
Mr G F Daniell (Secretary), Mr C H Bothamlfy, Mr 
W D Eggar, Professor E A Gregory, Mr N Bishop 
Harman, Mr J L Holland, and Mr W T H Walsh 

In previous reports (1912 and 1913) reference was made to the injurious 
effect of shiny paper, in particular to the interference with binocular 
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Vision which may result fiom excess of specular reflection The 
Committee is investigating the proportion of specular to diffusive 
reflection in the cise of books and wilting papers used m schools, and 
has received valuable assistance fiom Mr A P Ti otter, who has 
devised a gloss-tester The Committee desires to continue this investi 
gation in the hope of ii riving at an objective standard the adoption of 
which would pre\ent injiiiy to eyesight through the use of glossy papei, 
and therefore asks to be leippointed with a grant of 5/ in addition to 
the unexpended b dance of last year’s grant 


Mu^cum^ — Report of the Committee^ cojinsUng of Professor 
J A Greev (Chairman), Mi H Bolton and Di J A 
Clubb (Secntaries), Di B/VIHi^r, Mi E Grw, Mi M D 
Hill, Di W E HcnLr, Piofessors E J Garwood and 
P Nfwberry, Sii Ricti\ri) Templp, Mr H H Thomas, 
Piotessoi F E Weiss, and Mrs »I Whitf, appointed to 
examine the C haracUr, 11 orA, and Maintenanee of Mu^eum^ 

Thf Committee icpoit Hut i detnled schedule of inqimy upon 
Museums Ins lieen cliawn up md piesented to the House of loids by 
Loid Sudeley It is hoped tint the schedule will l>e issued by the 
Board of Education, md thit the mfoinntion obtained will be tillable 
foi the pui poses of the Committee Opinions and lepoits ha>e been 
obtained upon various sections ot museum woik md then lehtion to 
various divisions oi PdiK ition Othei mqimies of a simihi natuie 
aie dso being nude Offers of issistmce hive been lecened horn the 
Anieiicm Assocntiou of Museums Two meinbeis of the C’o nnuttee 
will examme oveiseas museums duimg then jouine\ to md fiom 
Austi dn md lepoir 

A deputdioii will itpoit ujxm the ediicationd woik of Museums 
in Fimce 

The following questions aie leceiving specnl considei dion — 

The lequiiements ot (1) students, (2) school childien, (3) genei d 
Msitois to museums 

The Committee isk to be leappomted with a gimt of 30/ , includ- 
ing the bdmee, 7/ Os 2d of list jeii s gi mt now in hind 
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On Salts Coloured by Cathode Rays 
By Professoi E Goldstftn 

[Ordered, on behalf of the General Committee, to be printed in extenso ] 

Perh\ps a pait of the phenomena which T am about to discuss is 
already familiar to you ill I shall not bung foiwaid many hypo- 
theses So you will perhaps ask why I should speak at all And, 
in fact, apait fiom reference to ccitaui ficts not published hitherto, 
my lutention is mainly to invite the inteiest of men younger and abler 
than myself in a class of phenomena which seem to constitute a new 
condition of mattei, but on which yeiy few haye yet worked 

If cathode laj^s fill on ceitiin silts — for eximple, common salt, or 
chloride of potassium, or potissium bromide — yiyid colours aie pio 
duced immediately on these salts ^ Thus common salt becomes 
yellow-brown (like amber), potassium chloude turns into a beautiful 
violet, potassium bromide becomes a deep blue colour quite like copper 
sulphate Here you see a specimen of common silt tiansformed m 
this way on the surface of the single ciyst ils into a yellow brown 
substance I show also sodium fluoride, which takes a fine rosy 
colour 

The colours so acquired m a very small fraction of a second may 
be preserved for a long time, even for many yeais, if the colouied 
substinces ne kept m the duk ind at low teinpoi atuies But m 
the daylight, and also under heat, the colouis will gradinlly disappear 
till the original wdiite condition is reached again 

The colours of different salts are sensitive to heating m a very 
different degree I could show you the yellow sodium chloride, pre- 
pared some months ago in Europe, but I cannot show you heie the 
violet KCl and the blue KBi, because these colours, even in the dark, 
do not stand the heat of the Equator The same salt, if dissolved, 
may keej) very different colours, according to the medium in which 
it has been dissolved, even when the pure medium itself cannot be 
coloured at all by cathode rays I am speaking of so/rd sohi/roris, 
produced by fusing a small quantity — for instance, of common salt 
or of certain other alkali salts— together with a great mass of a 
salt which remains itself colouile‘={s m the cathode rays, as, for example, 
the pure potassium sulphate Lithium chloride acqunes a bright 
yellow colour in the cathode rays, but if dissolved in potassium sul 
pirate a lilac hue is produced, as you may see in this specimen Like- 
wise the pure carbonate of potassium acquires a reddish tint, but 
after dissolving it m the potassium sulphate it becomes a vivid green 
in the cathode rays, as you see here 

Very small admixtures are suflicient to produce intense colours 
So of carbonate will produce the green colour m the potassium 

1 E Goldstein, Ann 54,371, 60,491, Phys Zeitachr 8, 149 , 

Bfrl Akad d Wtas 1901,222 
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sulphate, even xTyTnHyry gives a marked colour, and an amount of 
certain admixtuies, which T estimated as xTyTTuuo pi’oduce 

a slight but quite perceptible colouration in some salts 8o if you 
work with potassium sulphate which you obtain fiom chemical fac- 
tories guaranteed as chemically pure, you may observe a set of 
different colours in these preparations under the cathode rays, by 
which you will detect the natuie of the different small ad- 
mixtures which adhere to the pretended pure preparations of the 
different factories In this way a new analytical proof, much more 
sensitive than the oidinaiy chemical methods, is obtained, and im 
purities may be detected even when a certain specimen of salt contains 
more than a single impurity, because the colouts produced by different 
admixtures generally disappeai with diffeient speed in the daylight or 
under rise of tempeiature For instance, the oidmary potassium 
sulphate turns to a dark giay with a slight gieemsh tint at first 
Aftei a short while the veiy sensitive giay will disappear, simply under 
the ordinary temperature of the laboratory room, and a vivid green 
comes out The gray line indiciles a very small amount of sodium 
chloride, itynVuo so, and the remaining green indicates the admix- 
ture of a carbonate PTere aie some preparations of potassium siil 
pirate each containing a single small admixture (K3CO3, Lij^Og, 
LiCl, KCl, KBr) You will notice how different are the colours of 
the originally wdrite substrnce, varying fiom gieen to bluish gi i\ , ash- 
gray, grayish blue, and violet 

By fractional crystallisation one ma} fm ill} get a really pine pie- 
paration of pot«rssium sulphate, which is no longer coloured by 
cathode rays (or only in a vei} slight degree, indicating minimal traces 
of sodium chloride) But there are other preparations which, so far 
as I know, cannot be acquired in pine condition by any means, not 
even by fractional crvstalhsation I ne\cr came across a pure sodium 
sulphate — the purity exists only on the manufacturers’ labels Even 
the best preparations of this salt contain an amount of sodium car- 
bonate winch up to the present cannot be seprrrted from it, not 
even by frequent fractional crystallisation Ihe colour produced by 
the small admixture, which always remains, is a verv marked ash 
gray By an intentional fuithei addition of sodium carbonate the 
colour becomes nearly black 

The question arises Wlrat may be the cause of these colour rtions 
m pure srlts and also m solid solutions of tliein^ Sliortly after the 
colours of the alkali salts had been disco\ered, an explanat’on was 
given^, according to wdiicli the phenomenon mainly consists in a 
chemical reduct’on For instance, in the case of potassium chloride 
the chlorine would be set fiee, while the remaining potassium is dis 
solved in the unaltered mam quantity of the salt, colouring it at 
the same time And it seemed a convincing proof for this theory 
when GieseP and also Kreutz, simply by heating rock salt m the 
vapours of sodium or of potassium, produced colours m this rock 
salt quite similar to those produced by cathode rays It seemed that 

2 F Wiedemann and G C SJimidt, lYied Ann 54, 618 

» F Giesel, Ber D Chem Qes 80> 150 
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the pioblein wab settled finally Howevei, it was soon dibcoveicd 
that the colouied Giesel salts, although they look to the eye quite 
like the cathode lay salts, in all other respects behave quite differently 
For instance — 

fl) The cathode ray salts, as 1 mentioned befoie, aie veiy sensitive 
to daylight after an exposure to dihuse daylight of a few minutes — or 
in some salts even of several seconds only — the colon lation diminishes, 
whilst the Giesel salts remain unilteied oven when they aie kept in full 
sunshine for days or even weeks 

(2) The cathode lay silts, if dissohed in distilled water, show 
absolute neutral reaction, the Giesel silts aie strongly alkaline 

(3) The cathode ray salts give very maiked photoelectric effects (as 
Elstei and Geitel^ obseived), the Giesel salts aie quite ineffective 

(4) Under ceitain circumstances, which will be mentioned furthei 
on, the cathode ray salts may emit a phosplioiescent light, the Giesel 
salts none at all Theiefoie the question aiose again, whether there 
IS not a maiked internal difference between the cathode lay salts ind 
the Giesel salts, and what is the natuie of the latter ^ 

I have succeeded in settling this question, having produced silts 
by cathode rays^ the beliavioui of winch is in eveiy lespect ahbolutcly 
identical with the Giesel salts You may produce such substances it 
you allow the cathode rays to fall on the origin il salts not for a shoit 
moment only, but for a sonrewdiat piolonged time, until the salts are 
strongly heated Produced in this w \y the salts will keep colouis, but 
the substances colouied in this way are not sensitive to light, they 
show no photoelectric effect, they give strong alkaline reaction, and 
they aie not suited foi phosphoiescence — all like the Giesel salts It 
IS quite suie, and >ou may test it also diiectly by spectioscopic |)ioof, 
that ill this case, if for instance you have worked on sodium chloride, 
the cblorine is set free Then of course an amount of fiee sodium i<» 
left, which dissolves itself in a deeper liyei of unaltered sodium 
chloride, to which the crtliode i lys could not penetiate I call these 
non-sensitive colours the after colours of the second cliss, while the 
ordinary sensitive attei colours, produced m a short time on cool 
salts, are called after colours of the fust class 

Now, if the after colours of the second chss are identical with 
tlie Giesel salts, then, of course, the very different substances of ^lie 
first class cannot be also identical with the Giesel salts Therefore the 
question arises anew what is the nature of the fust class after colours"* 

One observes VMth legaid to solid solutions that the first class colours 
depend not only upon the metal cont lined in the small admixture, but 
they vary greatly, for instance, in the case of the admixtine consisting 
of potassium chloride oi bromide or iodide This indicates that the 
metals alone do not cause the after colours It becomes much more 
clear when we expose some ammonium salts to the cathode r lys (The 
ammonium salts are cooled by liquid an in the discharge tube to prevent 
their evaporation) Then you get strongly maiked after colours like- 
wise, for instance, ammonium chloride becomes yellow-greonish, the 
bromide becomes yellow brown, the iodide becomes brown, and the 

^ J ElstcrandH Gcittl ]\ted Ann 59^487 
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fluoride a deep blue In the daylight these colours are gradually 
destroyed, quite like other after colours of the first class The colouis 
themselves — yellow greenish for the chloride, yellow-brown for the 
bromide, and so on — induce us to presume that the after colours in this 
case are produced by the haloids, and not by the hypothetical 
ammonium radical This presumption becomes a strong conviction 
when we observe tliat also a great number of organic preparations 
which contain no metal at all (and not any metal like radical) acquire 
marked after-colours of the first class in the cathode rays also (The 
part of the discharge-tube which contains the organic substances is 
cooled by liquid air ) 

Then you may observe that solid acetic acid (CaH^Oj) remains 
quite colourless in the cathode ra>s, but if you substitute a hydrogen 
atom by chlorine, the substance thus produced (the monochloro acetic 
acid) acquires a maiked yellow -gieen after colour If you intioduce 
an atom of bromine instead of chloiirie, you get C2H3B1O2 and the 
after-colour is of a marked yellow Bromoform (CIIBis) turns into 
the coloui of loam, and chloral (C^HCljO) becomes a deep yellow 
In this way we see that not only salts, but likewise substituted acids, 
substituted hydrocaibons, and substituted aldehydes acquire aftei 
colouis if they contain any haloid 

Now, it seems highly impiobable tint in the case of alkali salts the 
electro-positive component is absoibed only (producing the after coloui), 
and that, on the othei hand, in the ammonium salts and m the 01 game 
substances the electio negative component is efficient only The most 
probable inference is that in each cise both components lemain and 
that both are efficient, but that iindei the same conditions the haloids 
produce a slighter coloui than the metals, so that in the case of the 
salts the haloid coloui is overwhelmed bv the metal colour 

Therefore we aie compelled to suppose that we have not to deal 
with a decomposition in the oidinaiy fonn, by which the different com- 
ponents are finally sepaiated fiom each othei and at least one of them 
is set entiiely free, but that the components detained by absoiption 
lemain at a quite shoit distance fiom each other, so that they may 
easily meet again I lealise that — foi instance, in the case of sodium 
chloiide — at eveiy point of the coloured layei there is an atom (01 
perhaps a molecule) of chloiine and an atom (or a molecule) of sodium , 
•but they cannot combine, because they are fixed by absoiption and dis 
tended from each other b> the absorptive power, which in this case 
surpasses the chemical affinity But the absoipti\e power may be 
weakened by heating and the chemical affinity or the amplitude of the 
moleculai vibrations may be stiengthened by the eneigy of daylight 

If we giant these assumptions, it is immediately evident why the 
leaction of all dissolved coloui substances of the fiist class is a 
neutral one, for the tw^o components may combine again and re^ 
establish the original substance The other special qualities of the 
first class colours, and especially then diffeiences fiom the Giesel 
salts, which contain the electiopositive component only, may be de- 
duced likewise fiom this retention of both components and their oppor- 
tunity of meeting each other again when the absorptive powder is 
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weakened oi the chemical affinity is strengthened Now, the two 
components in the coloured substances being distended in some degree, 
I propose for this special condition of matter the name of distension If 
we accept this, have we created a new name only, oi does matter in 
this condition really show new qualities^ It seems to me that we 
have to deal with a peculiai condition of matter, which deserves a 
more elaborate study than it has met till now I will not enter again 
into some special qualities, whicli have already been mentioned — ^the 
photoelectric effect and so on — ^but I should like to point out that 
matter in the distension state shows a strongly strengthened absorption 
of light 

We noticed with regard to ammonium chloride the yellow- greenish 
after colour of the chlorine Now, cathode rxys, as used in these 
experiments, will not penetrate any deepei than one-hundiedth of a 
millimetre into the salt In such a thin layer e\en pine liquefied 
chlorine w^ould not show any perceptible colour But besides this it 
must be noticed that we obseive this after colour at the temperature 
of liquid ni, and thxt chlorine at this temperature, as Dewar and 
Moissan observed, is snow^- white, even in thick layers In a similar 
degree the brown colour of biomine is weakened at low temperatures 
Now, if nevertheless we observe at this very low temperature the marked 
characteristic colours of chlorine and biomine, we must conclude that 
the absorptive powei of these substances has become a multiple of 
its 01 dinar y value One may observe this strengthening of the absorp- 
tive power directly m the juire sulphur Sulphur likewise turns into 
a snow-white substance if cooled by liquid air But when the cathode 
rays fall on the white sulphur it takes immediately a yellow -reddish 
colour It IS a real after colour, because at constant low temperature 
the colour is destroyed by daylight 

Now, *>1000 the strengthening of light absorption occurs in this 
elementary substance, it becomes evident that the cause cannot be 
any chemical process, but only a physical allotiopy The special 
character of this allotropy (which may be connected with an absorp- 
tion of electrons) will not be entered on in a discussion here Probably 
we have to deal with a polymerisation, so that, for instance, the 
yellow^ reddish sulphui would be analogous to polymeiised oxygen — to 
ozone 

I have mentioned already that the first class after colours are 
gradually destroyed bv incident daylight A pecuhar phenomenon is 
connected with this destruction of colour I found that after the day- 
light hid fallen on the coloured substances, even for the shortest time, 
most of them showed a marked phosphorescence of long duration 
I have observed this phosphorescence e\en in substances which had 
been coloured twelve years ago and had been kept in the dark since 
that time The diffused dim light of a gloomy November day, when 
falling through a window on the coloured substance for one or two 
seconds only, is sufficient for the production of this phosphorescence 
m a marked degiee If you allow the daylight to fall several times 
on the same spot, then the colour is weakened at this spot, and we 
come to the presumption that the loss of colouration is generally 
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attended by the emission of phosphorescent light This is in accord- 
ance with the experience of Wiedemann and Schmidt that if the 
destruction of the colour is produced by heating, likewise a phos- 
phorescent liglit IS produced, winch in this case is strong but of a 
short duration, corresponding to the quick destruction of the aftei- 
colouis by strong heating 

If the salts, after having been colouied in the condition of a fine 
powder and then having been put lietween two glass plates (in order 
to obtain a plane surface), aie ])laced in a phoiographic carneia instead 
of the photographic ])late, you miy get a fine phosphorescent picture 
of a landscape or of architecture after a very short exposure 

Time does not allow me to mention m detail several other 
peculiarities which are shown hy matter in the distension state In 
one direction only I may he allowed to rnike some lernarks 

The first-class after colours nii^ lie produced not onl^ h^ cathode 
rays but also by the jS ia>s of r idioactivc substances, is }ou probably 
know^ But they may iKo he pioduced hy ultra iiolet lujlit, for 
instance, by ultr i-violet spiik light c\eii when a quariz plate is intei- 
jiosed between the spaik and the silt More than thiity years igo I 
brought foiw iid a hypothesis, according to winch in o^ely point wheie 
citli^e lays stuke a solid hodv a thm h^ei of ultr r Molet light- 
ladnting molecules is produced ii the gis, to which ultir Molet light of 
\eiy short wave lengths for in^t nice, the phosphoiescence of the glass 
w ills in the c ithode ia}b, is due But I cime further to the issumption 
tint lie Illy ill cfft'-cts winch ne coinmonlv isciihed to specnl quilities 
of the c ithode i ivs, and likewise of ft r i\s ind / ia\s, ire mere effects 
of the ultr v Molct light which is piotluced In tlie stojiping of these i i>s 
1 have been guided hy this issumption during man\ vears, and Inve 
veiy often been aided h) it m foresee mg new phenomcin For 
instance, in tins way 1 w is induced to expict tint the after colours 
would be produced not onh In c ithode riys hut ilso by the ordiniiy 
ulti i violet light, further I could guess tint ilso the a rivs would 
produce ifter colours (which in tins cise hive been observed b^ 
llol/knecht) and in recent times I could foresee that solid aromatic 
suhstinces (the benzene deiiv itives)inthe ulti i violet light must change 
then specti i of ordinai> phosphoiescence composed of broad bands, 
iiid tuin to peculiii specti i composed of nviiovN stupes, the w rve- 
lengths of winch ne char rcteiistic of the single aromatic suhstinces^ 
So I believe ilso that the iftei colours ire pioduced not directly by the 
c ithode rays or hv ft lavs, but bj the aforesaid ultra violet light which 
IS connected with the stopping of the other ir^s • 

In this w ly the after colours enter at once into r gieit class of 
phenomena known as rner^tblc effoii^ o] luftit loir know that certain 
effects of the visible specti il ivvs ne destroyed by la^s of longei 
w ive lengths, by the infia led r ivs And the anrlogv to this 
phenomenon is m mv opinion the destruction of the after -colours they 
ne produced by the ultra violet light of the stopped cathode rajs and 
are annihihted b> the longei visible wave lengths of daj light In this 
way you may likewise understand, for instance, that the colouied 

^ £ Goldstein, Verhan^l d D Phystk Oes 18 
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spots, pioduced by x ra^s on the luminescent scieens after long 
expobuie, may be dcstioyed again by exposuie of the screens to day- 
light You may also explain the pccuhai medical obsenation that 
theiapeutic ladium effects in paits of tlie luiman body not covered, 
specially in the face, are often not of long duration — for the face is 
exposed to the covintei acting vibible rays of daylight 

We notice here a connection of oui subject with a depaitment of 
great piactical importance For all therapeutic effects of x rays, 
radium la^s, and mesothorium rays would, according to this view, be 
effects only of ultra violet light pioduced by the stopping of these rays 
in the human body, and the special character of the radium- and meso- 
thorium and x ray treatment would consist iniinly in the carnage into 
the inteiioi of the body, by the rays, of the ultra violet light, which 
IS not confined to the surface of the body, but is pioduced at every place 
where any of the entering la^s are stopped You may notice furtliei 
that this view of the medical ray effects presents a heuristic method 
for the treatment itself, which up to the present followed quite fortui- 
tous and merely empirical piths For it may be hoped that treatment 
by radioactive substances will be useful in eieiy diseise in which ultra- 
Molet light has been proved to he elhcient in some degiee, >ou will 
avoid such treatment in the well known cases in which light of short 
wave lengths is noxious, and ^ou may be justified in substituting an 
ultia-Molet light treatment wheie radium or mesothorium is not obtain- 
ible At the same time it becomes evident why the treatment of ceitain 
diseases by the /3 rays has effects very similar to tliose produced by 
fulguration — that is, by the light of very strong sparks the efficient 
agent is in both cases the ultra violet light 

But it cannot be a phvsicist’s task to enter too fir m medical 
questions it w is only my intention to show how interesting aie some 
of the problems which are connected with the silts coloured by cathode 
rays 


The Problem of thi Vistuil Rcquiromnts of the Sailor and the 
Railway Employee By J\mls W Bvrkeii, C M G , M D , 
M S ,F RG S Eng 

[Ordered, on behalf of the General Committee, to be punted in extenso ] 

Tin: discussions which lia\e taken place on this subject arc apparently 
intei*rninable They have for the most part resolved themselves into 
discussions amongst oculists and communications made by deputation 
or otherwise to the Board of I'^ade presenting their point of view 
The Board of Trade, wliilst it has collected a certain amount of 
valuable information, has not materially modified its methods, and 
apparently does not propose to do so As its authority weighs heavily 
in the Dominions, which are as a rule not consulted by it before it takes 
action, various anomalies make then appearance I venture therefore 
to bring before this meeting of the Physiological Section of the British 
Association a summary of the present position 
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Until recently the standard adopted by the Board of Irade was 
normal colour vision as tested by coloured wools and a form vision 
equal to 6/12 partly with both eyes open In other words, the theo- 
leiical objective was normal colour vision, and form \ision of such a 
standard that one eye might be totall} blind ind the other possess 
somewhat less than half vision llie Board, how^e\er, appointed an 
expert committee m 1910, which took evidence and made a numbei of 
lecommendationb Ihis committee srt for tw^o years, and in its lepoit 
lecommended that thr form vision lequiied should be 6/b in one e\c 
ind 6/12 m the other, and that colour \ibion should be tested by wools 
nicl by colouied lanterns It did not, however, definitely recommend 
til it the eyes of those who enter danger oub services should be subjected 
to cl complete ophtbalmological examinition when tbe boy fiist goes t() 
SCI Vppaiontly sueh changes would have required fiesh legislation 

Since this lepoit, however, the Board of Trade has agiin alteied 
ils lequiiements, and now lequires the candidate to leid 6/9 partly and 
6^ b partly with both e}es open, wliieh rneaiib, simply, that the old 
st i Ildar d has been reverted to as reguds form vision, except that the 
minmium has been raised from 6/12 pntly to b 9 partly Dining tbe 
coin so of its long inquiry the expeit committee appaientl} did not 
consult those in the Dominions who were deding with the matte i with 
the exception of tbe cximination of two witnesses, nor did thev 
appaicntly seek to rn ike an^ careful reference to tbe v uious accidents 
which have taken place b} sea and land and ern be attiibuted to 
clefec five v ision 

Clause 13 of the Rejioit of the Departmental Coninnttec on Sight 
dests states — ‘Sir Wiltei Howell infoimed us that the Bcraid of 
di rde vveie not iware of an\ c rsualt> which could be ti iced to defective 
vision He explained that the Board could raise any question thev 
pleased on ni officnl inquiiy into a maiine crsualt} , that the smallest 
question as to the colour vision of any oHicei concerned would be piobed 
to the bottom, that if theie were any question of confusion the men 
concerned would be le-tested but that such a question had not been 
laised in a single instance ^Ye ha\e examined a largo numbei of the 
Kepoits of Bond of Tiade inquiries and the result of our examinations 
has conhinud tlic view tlrat no cdhcial evidence exists of casualties due 
to this c uise We hive exunined eight master maiineis of long 
experience, none of whom knew of rn> case in which i casudtv hid 
iiisen fioni defective vision ' 

( liust Id — ‘ \t oui lequest the Liverpool Steamship Owners 
•\ssociition isceitained that, of its membeis, the owners of 8)7 ste ini 
vessels of the aggregate tonnage of 3,776,695 tons, knew of no instances 
in which mistakes due to defective form or colour vision had been made 
in the leading of lights at sea and of no instance of dithcult> of leading 
signals, while the ovvneis of 59 steam vessels of 192,494 tons knew of 
some few instances in which a min's sight had been or had been 
alleged to have been defective, but of no casualt\ resulting theiefiom 

Clause 15 — ‘The Secietai> of the Joint \rbitiation Coiiimittee at 
Grimsby, which inv^estigates the circuiristances of a large numbei of 
collisions evei^ >eai, has never known of a collision caused through 
1914 
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the mistaking of the colour of a light The Managei of the Hull Steam 
Trawlers’ Mutual Insuiance and Protection Co , Ltd , who in 12 yeais 
has had to deal with an average of 100 collisions a year, knows of 
only foul cases in which any question of defective vision has arisen 
Two of these cases weie in eldeily men, and in the other two the 
witness considered the danger was caused by excessive smoking ’ 

Clause 17 — ‘ The Board of Trade casualty returns, which include 
collisions to foieign ships on or near the coast of the United Kingdom 
and of Biitish Possessions, show no case m which a sea casualty has 
been attiibuted to the defective vision either of an oihcei oi a look out 
man, but they show that since tlie adoption of the 1894 sight tests 
there have been reported on the aveiage each year 100 collisions 
attiibuted to bad look out and 429 stiaridmgs attriWted to causes con- 
nected with navigation and scimanship The strandings resulting 
fiom bad look out aie not shown separately Fiom these i etui ns it is 
not possible to aiine at any leliable estimate of the total number that 
might ha\e been occasioned by the defective vision of the ofheer in 
charge or of the man on the look out Fuithei, the i etui ns, as they 
do not distinguish the vessels commanded by officers who have passed 
tlie 1894 sight test, atfoid only a geneial basis of detei mining how fai 
the existing system has been successful m eliminating dangeiously 
defective men, but they do show that amongst the vessels registered in 
the United Kingdom the total number of collisions attributible to bad 
look out and of stiandings attributable to all causes relating to naviga- 
tion and seamanship is less than 500 a year The Boai d of Ti ade has 
no record of the actual number of voyages made by Biitish vessels, but 
on a rough estimate that nimibei cmnot lie less than 300,000 a yeai * 
Clause 18 — ‘ There appeals to be no evidence showing conclusively 
that defective vision has caused any appieciable luirnbei of accidents at 
sea, dthough we do not think tint it riecossaiily follows fiom this that 
the present method, even wheie it has been employed, has been success 
ful in excluding all dangerous persons from the Meicantile Marine, oi 
that no accidents have been caused in this w i) , since it Ins not been 
the practice, in conducting inquiries into the causes of casualties, to 
test the vision ot persons implicated We think it regrettable tliat 
effect has not been given to the lec online ndation as to the testing of 
witnesses contained in the lepoit of the (.ommittee of the Eoyal Society 
in 1894, and we desiie to repeat that lecommeridation — that in c isc 
of judicial inquiries as to collisions or accidents witnesses giving 
evidence as to the natuie or position of coloured signals ind lights 
should be themselves tested for colour and foirn vision ’ 

Sir Norman Hill, who signed the Minoiity Report, states that ‘ in 
the absence of all evidence of any single casualty lesultmg from defec- 
tive form vision I am opposed to the letention of the new standard 
under which 10 pei cent of the candidates who have for many years 
proved then competency would have been excluded from the service ’ 
Ml Nettleship, however, one of the meinbeis, since the publication of 
the Report, made a collection of the cases in which disastei at sea oi 
land seemed to be actually or potentidly due to these causes, and was 
in communication with the writer in regard to the details of a number 
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of other oases at the time of his death In that work Mr Nettleship 
makes the following pertinent observation (p 3) — ‘ For reasons 
such as the above, defects m sight are regaided by those wlio have to 
inquire into accidents as of such little importance that in the official 
unestigations tlie question of defects of sight in the men who aie 
on lookout or coiiesponding duty is scarcely e\ei laised Naturally, 
therefore, no accidents are discovered to ha\e had visual defects for 
tlieii cause Continuing to reason in a circle, the conclusion is that 
defects of sight do not cause accidents ^ It would be ludicrous if the 
matter weie not so grave that though precautions of greater or less 
efficacy aie taken to exclude men with conspicuous defects of sight fiom 
enteiing the sea or railroad services liecause such defects are admittedlv 
dangerous, jet, when the accident happens, no tiouble is taken to find 
out whether the man lesponsible for it has efficient sight oi not Eveiv 
possible cause foi the casualty is sought out, but the possibihtv that his 
vision eithei was defective when he enteied the seiMce or has become 
so since IS never even consideied ’ 

Y(t in spite of the foiegoing the fact lemains that T>\ On and I 
lepoited in the Lancet, Octobei 20, 1004, the account of the wiock of 
the Australia and the pre\ious grounding of the Indraqhiri h\ a pilot 
whose form vision was very defective In spite of this Bepoit, the 
statements of Sir Walter ITowell and Sii Noiman Hill appeir in the 
Fjxpeit Committee s Repoit I propose now to lefer to the methods 
adopted m the Victorian Railways, the Victorian Pilot Sen ice and the 
TTnion S S Co of New Zealand Tlie historj of vision testing in the 
Victoiian Raihvays is too lengthy foi detailed leference The numbei 
of candidates who ha^e to be dealt with is ^ely laige and the Hepait- 
rnent has adopted a rough-and reidy plan with which I am not m 
complete sjmpathy, but which undoubtedly eliminates the ma]Oiity of 
the defective cases Coloui Msion is tested b> the lantern and foim 
\ision by Snellin’s types hoi those enteung the seivice the Msion 
lequiied is 6 '6 in each eje and 0 6 in both togethei The pupil is then 
dilated with homatropine and the vision is again tested It must now 
not be less than 6/12 in each e\e oi 6/12 m both togethei Once the 
apphcints aie admitted to the seraice they aie le tested without tlie 
use of homatiopine, and must possess 6/12 Msion m each e\e and 6 0 in 
both together 

I piopose now to indicate the steps that ha\e been taken b\ the 
Mamie Bond of Victoin to pioMde foi the thoiough examination of 
the Msion of pilots who entci then senue, and foi then le examination 
since the disister of 1004 T ilso quote Cliuses 100, 102, 104 and 
105 of the legiilitions which pioMdi foi the contingencies to which 
Ml Nettleship referied 

Victoruin Pilot ncqu]afion<i 

Pilots must be examined piioi to admission to the senu e and 
I lieu Msion must be as follows — 

1 Vision to be 6/6 m each ej^e without glasses 

2 The total euoi of lefi action not to exceed 1 d ind of this 
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astigmatism not to exceed 6 d This estimate to be made by 
retmoscopy with the eye under the influence of a mydriatic 

3 The pupillary reflex to be normal, the fundus to be free fiom 
disease, \isual fields normal, and balance of colour muscles to be 
normal Candidate to possess binocular vision 

4 Colour vision to be noimal as tested by colouied wools and 
coloured discs 

If pel sons possessing these qualifications aie admitted, on le 
examination the standaid lequiied is — 

1 The same as in the case of an applicant for a licence, except that 
after admission into the service detei loration of vision will be allowed, 
provided that the vision is not less than h/9 fully and 6/6 partly in 
each eye 

2 Tlieie must be no evidence of an'v morbid oi otliei condition 
in either eye which would lendei it probable that tlie vision would 
deteriorate before the next periodical examination 

Clause 100 provides that ‘every pilot until he arrives at the full 
age of sixty years, whether licensed befoie or after tlie coming into 
force of tliese regulations, shall at intervals of not mou thru twelve 
calendar months, and in the case of a pilot who under the legiilitions 
does not necessarily retire at the age of sixty years, after he attiins that 
age, at intervals of not more than six calendar months, have his 
eyes examined and vision tested, aiad pass as satisf;ying the pi escribed 
standard by an expert oculist to be approved by the Marine Bond * 

Clause 102 provides — ‘ If, on the occasion of any examination or 
testing of a pilot or of his eyesight or vision (whether biennial, sixth 
monthly, or casual) an} ph}sical, mental, or visual defect is discovered 
which in the opinion of the medical examiner or expeii oculist as the 
case may be, does not immediately, but may within a variable time 
render the pilot unfit for service, such pilot shall submit himself for 
re examination within such lesser intervals tlian those liereinbefore pro 
scribed as the examiner oi oculist, as the case may he, may certify 
to be necessai}, any longer interval heremlieloie limited to the contrary 
notwithstanding ' 

Clause !104 provides — ‘ In the event of any casualty or accident 
cx*curiing to or in connexion with any vessel or incidental to the naviga 
tion thereof, which in the opinion of the ^Farine Board may be due to or 
of winch m its opinion one of the contributing causes may have been 
some defect in health or vision of the pilot m charge, such pilot shall 
if required by the Board foithwith submit himself and be examined 
by a medical practitioner or expert oculist to be nominated by the 
Board, or by both, as the Board may direct, and until such practitioner 
or oculist or both, as the case may be, shall certify that sucli pilot is fit 
physically and mentally or visually, and such certificate be lodged with 
Hie Secretary to the Board, such pilot shall not follow his calling ' 

Clause 105 — ‘If any pilot be absent fiom duty on account of 
illness, and such absence shall extend beyond twenty eight days, or in 
case of illness of any duration, if the Marine Board think it advisable, 
or when from any other cause any pilot has been absent from duty and 
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such dbsence shall have extended foi six calendar months oi upwards, 
such pilot shall not letuin to duty unless and until, as regaids Ins 
condition physical and mental, a medical piactitionei and, as icgaids 
his vision and eyesight, an expeit oculist, to be in both cases nominated 
by the Marine Boaid, have lespectively ceitificd to the Board that such 
pilot is m a fit condition physically, mentally, and visually to perform 
Ins duties as a pilot ’ 

The annual examination of the pilots has probably averted disaster, 
IS one pilot was retired with high blood pressure and retinal henioi 
iliages detected m the course of periodical examination 

The Ijnion Steamship Company of New Zealand adopts a like 
standird for those who enter its service, and provides for periodical 
testing of form vision 

What standard of form and colour vision is necessary for safe 
navigation or railway service^ 

So far as colour vision is concerned the results of the ordinary tests 
with wools and lanterns seem to coincide with the quantitative measure 
inents made by Sir William Abney, rnd 1 liave ne\ei seen anv pi rc- 
tical difficulty in detecting a dangerous degree of colour defect h^ the 
combination of tliese means 

With regard to form vision however, the matter is not nearh so 
simple Two cpiestions arise Wliat standard of form vision shall be 
required^ and, \ie two eyes neeessaiy ^ Some time ago, in the 
Ophthalmio Heiieu, Mr heigus gave in account of Ins own expeii 
ence in motor navigition with detective vision \pait from theoretical 
disquisition which I was unable to follow he stated coiie^cth enough 
tint lowered form vision means for the most part a loss of detail V 
house is still seen is i house \t i distance when the foim vision 
is lowered aiicl a ship is still seen as i ship m like circumstances I 
however, set to woik to make myself aitihcnlly myopic with bi convex 
glasses, and to reduce my form vision to ditferent degrees in order to 
repeat his experience Tn passing however it should never be for 
gotten that the stindards given bv bnelhn’s tvpes are at best ippioxi 
mate Tlu v depend on the illumination of the tvpes, on the conti rst 
between the letters and the background, on the ilhiminatioii of the 
loom, and the size of the pupil Thev ncaily alwavs give better results 
in daylight thin by artificial illumiintion \t best they have appioxi 
mate significance 

Eendeiing my eyes artificially mvopic m this way, I reduced my 
vision to 6/9 partly and b/12, and found as Mi Feigns said, tint 
houses, men, dogs, and objects of various kinds were still recognised 
as such, but certiin details could not be detected hor example, a 
man ind a dog at five hundred yards distance were seen as one mass, 
a flag on a flagpole at a distance of a mile was rndefimte, so that one 
could not tell which way the wind was blowing Outside Dunedin 
iraiboui I mistook a ship on the rocks for the rocks themselves Bv 
blight ordinary daylight I should have experienced little or no dithcultv 
m navigating Furtheimoie m a long motor run there w is not the 
least difficulty in seeing details on the road, and there would have been 
no difficulty in steering the motor At evening, however, and at niglit. 
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the matter was entirely ditfeient, and with this leduced vision motor 
driving would have been full of difficulty and danger by leasoii of the 
reduction of the range of vision When, however, I lowered the vision 
to 6/18 partly navigation and motor driving would have been dangerous 
by night or day 

The experimental evidence obtained by the Expert Committee at 
Shoeburyness was to the effect that vision of less than 6/12 seriously 
affects colour perception, and that consequently 6/12 lepresents the 
minimum of vision compatible with safety This accords with my own 
personal experience, with the leservation that anyone who possesses 
b/6 vision will be a much safei navigator, other things being equal, 
than anyone who possesses 6/12 vision 

Mr Fergus seems to diaw a distinction between myopia and hypei- 
opia, but when I have rendered my vision defective by lendeiing my 
eyes hypeiopic — that is, by the weaiing of concave spectacles — I have 
been unable to detect any practical difference m the lesult In both 
cases one makes many failures when one’s colour vision is tested by 
the lantern When the apertuie is small and the light a little dim, 
no coloui can be seen at all, piobably foi the leason that Sii William 
Abney instances 

In Sii William Abney’s woik, dated 1913, * Eeseaiclies m Coloui 
Vision * (p 409), reference to similai experimental woik is made 
The w liter, a few vears ago, when considering othei causes than those 
of deficient colour sensation which might pi event the recognition of 
coloui, came to the conclusion that the optic il condition of the eye 
might be of such a natuie that small discs of coloui ed light might be 
taken as colourless or not seen at all To confirm oi dispiove his 
diagnosis he made his eye myopic and observed a ship’s light from the 
sea-coast and also known stais, and found that with about h ilf noimal 
vision the ship’s light at two miles was sometimes invisible oi colour 
less, and that only stars above the fourth or fifth magnitude could make 
any impression on the retina 


Conclusion 

There is abundant evidence to show that a numbei of disasteis by 
land and sea are attiibutable to defective vision Theie is also good 
leason for thinking that a larger number of accidents have occuried 
which have not been reported, and, as Mr Nettleship says, they nevei 
will be reported under existing conditions It is cleai that, so long as 
the present mode of lighting ships and the present method of using 
railway signals are continued, form vision below 6/J2 is dangerous 
as regards its effect on colour perception, and is dangeious by leason 
of the limitation of the range of vision in dull light, and I am of 
opinion that for the purposes of safety the minimum visual requiie- 
rnents should be 6/9 in one eye and 6/18 in the otliei A hyper- 
metropia of two diopties with astigmatism not exceeding 75 D might 
be permitted The colour vision should be noimal and tested both with 
wools and lights, and thcie should be no oculai disease To satisfy 
these lequirements it is necessary that all those who go to sea oi 
entei the lailway service to earn a livelihood should be examined at 
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the outset of their careei, since one complete ophthalmologic al 
examination at that period of life will enable the future vision of the 
examinee to be predicted with tolerable certainty 

It will be seen that the method adopted by the Victorian Eailways 
would eliminate those who have a high degiee of hypermetropia , but 
it may admit those suffering from choroiditis with contracted fields, 
fiom glaucoma, and, m fact, any eye disease which is not obvious and 
which has no lowered central form vision 

Stress need hardly be laid on the injustice perpetiated m allowing 
anyone to enter a seafaring life, to spend some years in acquning pio- 
ficiency, and then subject him to a visual examination when he mak(s 
Ills appeal ance foi Ins fust piofessional examination The sensible 
coinse IS oliMoiish lo insist on a complete examination when the Ika 
I nst goes to sea 


Duf-Fainnnfi Iim m the TJmt( <1 Bij F 

Ertogs, AI S , rh 

LPl \TI VI 

(Oiclcud, on Ixlnlf of the General Comniillcc, to bt punted an o/rnso ) 

1 nr tcini ‘ div fuming is now genei ill> apjilied to agiidiliuial 
piactice in legions wheie iiinfill is the pniiian limiting fictoi in 
ciop pioduclion The deteiimnation of the tilhge methods which aio 
most efficient in tlie stoiage and conseiMtion of moisture, and the 
development of ^ uieties which aie especMllv suited to diy land con 
ditions, aie economic pioblems woith\ of the best effoits of the 
igionomist llie most efficient methods aie not alwaxs the most 
piofitablc n ethods foi the maigin of piofit in di\ fuming is noimalU 
small, and the cost of tillage must always be compaied with the 
letuin Efficiencv m the use of the limited nmfill is, howe\ei, the 
basis upon which di} fuming piactue must he hnilt 

Befoie taking up the discussion of cli\ fuming imestigitions in 
the United States, a woid legaidiiig the oiganisation of the Depait 
ment of Agiicultme m this connection mav be of mteiest Fi\e 
offices in the Bmeaii of riant Tndustiy aie de^otmg a large pait of 
then eneigies to di} fuming pioblems Ihe Office of Diy Land 
Agiicultme opeiates o^ei i score of expeiimental faims in vaiious 
sections ot the Great Plains This office is concerned chiefl}^ with the 
deteimination of the ciop lotitions and tillage methods which aie best 
adapted to the \aiious di> fuming sections It was euly leoognised 
in the development of this woik that dry farming pioblems are often 
of an extieinely local character, and that numeious experimental 
stations aie necessary to co'ver the field Eich expeiimental faim is 
superintended by a tiained agiicultmist, usually an agiicultural college 
graduate These farms also afford experimental facilities for other 
offices engaged m dry-farming pioblems Tlie offices of Ceieal Investi- 
gations, Forage Crop Investigations, and Alkali and Diought-Eesisfant 
Plant Tiuestigations aie engaged in the ln^estlgatlons of crops suited to 
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dty land conditions, wliile the Office of Biophysical Investigations, in co- 
operation v^ith the above-named offices, is concerned with the study 
of the influence of vaiious tillage methods on the absoiption and leten 
tion of rainfall, the watei requiiement of ciops undei field conditions, 
and the influence of climatic conditions on the giowth of di} land 
ciops Ovei 50,000/ is now appiopiiated annually by C^ongiess foi 
the support of the div-land woik In addition to tins, sevei il of 
the States are also conducting di} fainiing investigations on an exten 
sive scale, eithei independently oi in co operation with the Govern- 
ment The field of investigation is so extensive that the pie sent papei 
smII be confined laigeh to the bioplnsicil phases of the woik 

Dry Vniiring ireoi> tn flu I nittd Statp<^ 

Two gieit di} -farming aieas occin in the United States One, 
the Intel mountain aiea, lies between the Bock}^ Mountains on the 
east and Die Siena Ncwada Mount uns on the wTst It is essen- 
tixll} 1 legion of wintei and spiing i uni ill The othei , the Great 
Plains aiea, extends fiom the (Snadnn bound uy along the eistcin 
side of the Rocky IMountun® neaih to the ^lexican boundai}, and 
embiices over 200,000 square miles of bnd whose pioductvitv is 
limited by the rainfall lliis aiei in conti ist to the otliei is x 
legion of summer lainfill 

These two great areas diffei gieith Ju then ph} siogi xphic feituies 
and in then natne phni co\ei I he Inteimountun distiict is broken 
into numerous vxlle}s uid the xegetation consists mainU of shrul)b> 
peienniil phnts such is the sagebiush {Atleifusui tridrutata) 
(Plate \ ) and i silt bush (\triplei (onji rlifoha) 1 ho si/e and 
chaiactei o^ tins \egetition affoids a good index of the pioductiMt\ 
of the luid ‘ 1 he laigei the sige brush the greater tJic w itei supph 
and the hetUi the firm The soils occupied ))\ s di busli on the other 
liand, aie xpt to lie so sihne in elm ic ter is to Ik imsmtcd to di\ 
farming 

In the Gieat PI uns no trees oi shi ubs arc found except along 
the watei couises, while the gently undulating, giiss covered plain 
sti etches urbioken to the horizon sa\e foi the buildings of the settlers 
Much of this countr\ is covered with buffalo glass (Bucliloe dactij- 
loides) xnd giama gi iss (Boueleloua oliqo^lacliya) (Plxte V), while 
farther to the east, where the rainfall is somewhat hei\ier, the taller 
bunch glass {Andropogon scopanus) and >viie gr xss {\ri^hda 
long ^eta) make then appearance ^ This sti iking difference in the 
xegetation, characterised by the shrubln plants in the Inter mountain 
disti els and bv grasses on the plains, reflects the diffeience in the dis 
tnbution of the annual rainfall, which has had a marked cfhet upon 
the ch\ fuming de\elopment of the two sections 

* ‘ Indicator Significance of Vegetation in Tooele Valley, Utah,* Kearney, Biiggs, 
Shantz, McLane, and Piemeissel, Journal of AgrtcuUur^ Reaearchy United States 
Department of Agriculture, 1, p 365, 1914 

® Shantz, H L , Natural Vegetation as an Indicator of the Capabilities of Land 
for Crop Prodv/jtion in the Great Plains Area,V H Department of Agiiculture, Bureau 
of Plant Industry, Bulletin 201, 1911 
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dry -land conditions , while the Office of Biophysical Investigations, in co- 
operation with the above-named offices, is concerned with the study 
of the influence of vaiious tillage methods on the absoiption and leten 
tion of rainfall, the watei requiiement of ciops undei field conditions, 
and the influence of climatic conditions on the giowth of dry-land 
ciops Ovei oO.OOOl is now nppiopiiated annually by Oongiess foi 
the support of the div-land woik In addition to tins, seveud of 
the States are also conducting dr} faiming investigations on an exteii 
sive scale, eithei independently oi in co opeiation with the Govein- 
ment The field of investigation is so extensive that the piesent papei 
will be confined laigeh to the bioph^sicil phases of the woik 

Dry Fanmug 4rcfls tn flu I nited 

Two gieat di\-faiming areas occur in the United States One, 
the Inter mount un area, lies between tlie Rock} Mountains on the 
east and the Siena Ne\ada Mount uns on the WTst II is cssen 
tiilh a legion of winter and spiing innfall The othei, the Great 
Plains area, extends from the (’anadian hound ny along the eisteni 
side of tlie Rockv Mountaine neaih to the ^lexican houndan, and 
embraces over 200,000 square miles of 1 uid wliosc pioductviU is 
limited by the rainfall dins aiea m coninst to the otliei is a 
legion of summer i iinfall 

These iwo great areas differ gieith m then pli}siogi iphic featuies 
and in then native jilrnt co\ei Ihe Intermountun distrut is biokcii 
into mimeious \ille}s md ihe ^egetatlon consists maiiiK C)f shruhh} 
peienrual plants, such as the sagebrush [Arlemism iridontata) 
(Plate A ) and a silt liiish ({tnpler confpjtifoha) The size and 
chaiactei o^* this \egetation affoids i good index of tlie piodiictiMt\ 
of the lind * 4he laigei the sige brush the greatei iJic w rtei supph 
and the liettei tlie f inii The sods occiqiied liv silt husli on the otlui 
hand, aic ajii to he so siliiie in charactci is to he nnsuitcd to (h\ 
farming 

In the Gieat PI uns no tiees or sliiubs uc found except along 
the water -com ses, while the gently undulating, gi iss covered plain 
stretches unbroken to the horizon save for the buildings of the settlers 
Much of this counti\ is covered with buffalo grass (Bucliloe daclg- 
loide^) xnd giarna gnss {Bouelelom ohqoslacliya) (Plate V) while 
farther to the east, where the rainfall is somewhat hei\ier, the trllei 
bunch grass {Andropogon scoparius) and vVire glass (Ins/rdcr 
long <ieta) make then appearance ^ This stiikmg difference in the 
vegetation, characterised by the shrubby plants in tlie Inter mountain 
disti’cts and bv grasses on the plains, reflects the difference in the dis 
tribution of the annual rainfall, which has had a marked effect upon 
the dr} farming development of the two sections 

1 ‘ Indicator Significance of Vegetation m Tooele Valley, Utah,* Kearney, Briggs, 
Shantz, McLane, and Piemeissel, Journal of Agricultural Researchy United States 
Department of Agriculture, 1, p 365, 1914 

^ Shantz, H L , Natural Vegetation as an Indicator of the Capabilittes of Land 
for Crop Production in the Great Plains Area,\} S Department of Agriculture, Bureau 
of Plant Industry, Bulletin 201, 1911 
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Showinj< 1’ c native sage brush vegetation on viigin land in the Intermountam 
distiict (above) and the shoit glass vegetation of the viigin Great Plains 
(below) The Intel mountain dibtiict has a vvintei lainfall and the Great 
Plains a summer rainfall (Photographed by H L Shautz ) 

Illustrating the Report on Di y Fanning Investigations in the 
United States 


[ To face page 264 



ON DRY-FARMING INVESTIGATIONS IN THE UNITED STATES 266 


Rainfall 

Tt bas become customary to use the aveiage annual rainfall as a 
measuie of the relative value of diffeient areas foi dry-farming pui- 
poses Since the water supply is usually the piimary limiting factoi, 
llie annual rainfall must of course be emphasised All who are 
engaged in diy fanning investigations lecognise, liowevei, the seveie 
limitations of this classification The seasonal distiibution and the 
chaiactei oi the rainfall — whethei toiiential or in the form of 
numerous light showers, oi occuiiing as steady, soaking rams — are often 
more impoitant than the total annual lainfall in detei mining the pio 
ductivity of a dry faiming region The uncertainty of the lainfall 

should also be consideied whenevei sufficient statistical evidence is 
available 
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Fio 1 — Ohait showing tin monthly distiibi|tion of the rainfall at representative 
stations in the Great Plains, Intermountain, and Pacific coast regions The 
1( ngth of the black lines in each diagiam represents the monthly precipitation 
at that place, beginning with Januaiy on the left The scale m mchts given 
on the light of each diagram can be used to find the actual amount of the 
monthly rainfall For example, the average monthlv rainfall at Bismarck 
N Dak , for June is seen to be 3^ inches, while foi July it is only a little moie 
than 2 inches It will be noted that in the Pacific coast region the ram comes 
principally at the beginning and end of the year, that is, m the wintei , in the 
Intt rmountain districts during the w mtei and spring months , and in the Great 
Plains dining the summer months 

Eamfall is not the only factor of impoitance, howevei We shall 
lefer latei to tlie desii ability of knowing the seasonal evaporation as 
measured from fieely exposed trnks, wdiich affords a summation of 
those factors which determine the rate of ti anspii ation The maximum 
temper atuies and the wind velocity are also important factors For 
an adequate comparison of widely separated dry farming areas, a know 
ledge at least of the annual rainfall, its seasonal distribution, the 
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seasonal evaporation, and the depth and character of the soil appears 
to be indispensable 

Eeference has alieady been made to the striking difference in the 
monthly distribution of the rainfall m the Great Plains as compared 
with the Intel mountain districts This difference is illustrated in 
fig 1, which shows the monthly distribution of rainfall at lepre 
sentative stations m each area Three Pacific Slope stations with 
a distinctly winter type of rainfall are also included In this lattei 
region, owing to the mildness of the climate, an annual crop of wdieat 
IS giowm during the winter months either for gram oi hay 

Gram-farming undei the alternating fallow and ciopping system 
has been satisfactoi il^ established m Utah, where the annual rainfall 
is 13 inches oi more In the southern pait of the State of Washing- 
ton, where the conditions aie unusually fa\oinable, land with an 
annual lamfall as low as 10 inches is used foi giowung wunter wheat 
by the summer-fallow method,^ but the returns are iinceitain Wlien 
ihe annual lamfall is leduced to S 5 inches ihe ciop will bauly letnin 
the cost of production 

The lainfall required when the lam comes chiefly in the siiinmei 
lb higher than foi winter lamfall This appeals io he due io the 
gi eater evaporation-loss from the fallow wdien wet fiequently b> 
summei lams In the Great Plains, where a sumniei rainfall pievails, 
dry farming is not successfully conducted on an annu il i unfall less 
than 14 inches, and this minimum is still liigliei m tlie soutliein pait 
of the aiea, due, as w^e shall see, io the Inghei inie of cvnpontion 

Evnpotation 

The evipoiation 1 lie ma} faul\ be consideied as unking next m 
impoidince to the annual lamfall m deiermining the diy-fuming 
possibiliiies of a legion The evapoiation from a fiee w^aiei sin face 
repiesents a summaiion of tlie intensity of solai ladiiiion tempeiatuie, 
satin ation deficit, and wind lelocitv, all of which eniei ilso into ihe 
deteimmation of ihe iianspiiation i lie of ihe giowing crop ihongh 
not necessaiil} in the same piopoition as in fieo evaporation Evapoia 
tion has been measured duly dining the summer months at each of 
ihe experimental farms located m the diy farming sections Tanks 
6 or 8 feet m diameter and 2 feet deep aie used, the tanks being 
sunk m the ground to within four inches at the top The fiee wiiei 
suiface IS maintained at giound level, t <? , about 4 inches fiom 
the top of the tank Obseivations are now available for se\en yens 
at the stations first established The obseivations are limited to 
the six months from Apiil to September inclusive, since fieezing 
weather is encounteied at the stations during most of the lemaining 
months The average seasonal (April to September inclusive) evapora- 
tion in inches for each station, together with its location, is shown 
on the accompanying map (fig 2) The evaporation increases rapidlv 
as one proceeds southward in ihe Great Plains, the evaporation in 
Noithern Texas, for example, is 54 inches, compared with 31 inches 

® Bnggs, L J , and Belz, J O , Dry Farming in relation to Rainfall and Evapora 
tion, U S Department of Agriculture, Bureau of Plant InduBtry, Bulletin 188, p 25 
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I^Q 2 Map showing stations at which evaporation measurementb are being made b> the Office of Biophysic 

Investigations The figures show the evapoiation in inches during the six summei months (April to Septemb 
inclusive) It will be seen the evaporation in the southern part of the Oitat Plains is nearly twice that in t] 
northern part 
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in the cential pait of Noith Dakota Such diffeiences have a profound 
influence upon the watei-iequiiement of plants 

Shaiitz ^ has shown that under piactically unifoim soil conditions 
a puie short-giass foimation is found in Noithern Texas with an 
annual lainfall of about 21 inches, in Eastern Coloiado with an 
annual lamfall of about 17 inches, and in Montana with an annual 
lamfall of appioximately 14 inches The legion tliiougliout has a 
bummei lamfall The same plant formation then lequiies 50 pel 
cent moie lainfall in Noitheiii Texas than in Montana The explan a 
tion of this IS to be found in the difference in the evapoiation late 
in the two sections Eefeience to fig 2 will show that the evapoia- 
tion in Noithein Texas is approximately 60 pei cent highei than in 
Cential Montana A similai comparison between Noithein Texas and 
Noith-Eastern Coloiado shows that shoit giass lequiies about approx- 
imately 27 pel cent more rainfall in Noithein Texas, wheie the 
evaporation is 23 pei cent higher than in Noith Eastern Colorado 
The effectiveness of i am fall depends of couise upon its penetiation 
into the soil, so that any lelationship which may be developed 
between evaporation and precipitation will necessaiily be an appioxi- 
mate one The above figures indicate, howevei, a rather close 
parallelism between the evaporation and the rainfall lequured to 
maintain a given plant formation, and emphasise the necessity of 
knowing the evaporation as well as the rainfall in judging the di> 
faiming possibilities of a region^ 

A diiect relationship between evaporation and w itei leciuiicinent — 
/ e , the pounds of watei lequiied by a plant in the production of a 
pound of diy mattei — is shown m the following nieasuienients by 
Briggs and Shantz of tlie water requiiement of tJic siiiie stiaiu ol 
alfalfa \^^hen grov\n in diffeient paits of the Great Plains (Table I ) 


Table I --Water requirement of Grimm alfalfa (second cutting) at diffeient 
Stations in the Great Plains, 1912 


1 

Location 

' 

' 


I Watti re 
quiiement 

Evap 

Daily 

Ratio of 
W R to 
Daily 
Evap 

Growth pciiod 

1 

1 1 

Days 

1 (to produce 

1 1 lb diy 
mattei) 

in 

inches 

Evap in 
inches 

1 

1 

1 



lb oz 1 


. 1 


Williston, N D 

1 July 29-Sept 

16 

47 

1 618 12 

7 5 

, 0 159 1 

33 

1 Newell, 8 D 

Aug 9-Sept 

24 ! 

40 

630 8 

1 8b 

0 187 

34 

Akron, Col 

July 26-Sept 

6 1 

42 

863 1 3 

' 95 

0 226 

38 

‘ Dalhart, Tex 

July 26-Aug 

31 , 

36 

1006 8 

1 no 

0 306 

34 


It Will be seen that the water requirement increases steadily as 
one proceeds southward through the Great Plains, being twice as 
great in Noithein Texas as in North Dakota The daily evapoiation 

^ Shantz, H L , Natural V^etatwii as an Indicator of the Capabilities of Land 
for Crop Production in the Great Plains Area, U JS Bcpai tmciit of Agriculiuic, Bureau 
of Plant Industiy, Bulletin 201, 1911, p 12 

^ Briggs, L J , and Belz, J 0, Bureau of Plant Industiy, Bulletin 188, 1911, 

p 20 
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also increases in a corresponding manner, so that the ratio of the 
water-requirement to the daily evaporation is approximately constant 
Montgomery and Kiesselbach * have shown that maize grown in a 
dry house and in a humid house varied in its water requirement 
exactly m pioportion to the relative evapoiation rates in the two 
houses 

The water requirement is not, hov^ever, always pioportional to the 
evaporation Other factors such as temperature may have a profound 
influence in determining the development of the plant Tins may be 
illustrated by comparing the water requirement of wheat and sorghum 
in Colorado and in Northern Texas (Table II ) ^ When the difference 
in evapoiation is considered, sorghum is seen to have made a more 
efficient use of its water supply m Texas than in Colorado, while the 
revel so is true in the case of wheat 

Table II —Comparison of the Rdalwe Evaporation and of the Relaiiie 


Water requirement in 

the Great Plains in 1910 and 1911 



1 




Evaporation 

\Vatpr le 

1 quiremeiit 

Station 

\ tai 

Crop 

Growing period 

1 

— 

— 

— - 



Actual 

1 

Rela 

ti\t 

A( tual 

Kcla 
^ tn t 

Akron, Colo 

1 1010 

wheat 

Apiil 18-Aug 2 

27 7 

100 

664 

100 

Amarillo, Tex 

1 

1 

April 5-July 19 

34 0 

122 

853 

128 1 

Akron, Colo 

1910 

sorghum 

May 25-Stpt 28 

33 0 

100 

356 

100 1 

Amarillo, T( \ 

1 

j 

1 May 10-Aug 28 

37 7 

1 

114 

359 

101, ' 

Akron, Colo 

1911 , 

wheat 

May 13-Aug 2 

24 8 

100 

468 

100 ! 

Dalhart, Tex 

1 


April 2')-Tuly 18 

28 5 

11-) 

673 

143 1 

Akron, Colo 

1911 

sorghum 

May 12-Sept 4 

35 0 

100 

298 

100 

Dalhart, Tex 

1 

1 


' May 14-8ept 12 

41 9 

120 

313 

105 


Influence of the Disinbuhon of Jlainfall on Farm Practice 

The diffeient distiibution of the i iinf ill in the Tnteimountnn distiict 
and the Cieit Plains his led to inteiesting diffeiences in the fiim 
pi ad ice of these legions 

Spiing wheit is not a successful crop in the Inteimountain distiict 
foi two leasons (1) The land cinnot be fitted foi sowing until late in 
the seison, owing to the spiing inns, and (2) the driest pait of the 
season ocruis when the spiing wlieU crop is matuimg A laige acieage 
of wintei wheat is, however, giown In fact, the diy faiming activities 
of this section ne de\oted almost wholly to the growing of winter wheit 
The siuhble is not nsinlh ploughed until spiing, the land being \ei> 
diy and h iid m the fill The stubble also keeps the wmtei snows fiom 
dnfiing md thus holds the piecipitition on the land As soon as the 

® Studies tn the Water requirement of Corn, Nebraska Agricultural Experiment 
Station, Bulletin 128, 1912 

^ Briggs, L J , and Shantz, H L , Water requirement of Plants, J , US Depart 
ment of Agriculture, Bureau of Plant Industry, Bulletin 284« p 45 
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spring rams have ceased, the stubble and the eaily giowth of weeds 
are turned under, and the land is kept fallow until the following 
autumn The low rainfall during the summer makes it possible to 
destioy the weed-giowth and maintain an efficient surface mulch at 
a comparatively low cost In the autumn, wheat is again sown The 
Cl op makes a good pait of its giowth while the temperature is cool 
and the evaporation low, and m addition to the stoied moistiiie has the 
advantage of the seasonal precipitation during its growth peiiod 

One serious difficulty m dry-farming operations m legions of wintei 
rainfall occuis in connection with the seeding of winter wheat on fallow 
land The surface-mulch of the fallow is often dust dry m the fall to 
a depth of 4 inches or moie If the farmer dulls his gram m the 
dust, the seed lemains ineit until a lam occurs Ff the fust ram is 
insufficient m amount to soak ihiough the dry mukli to the damp soil 
below, the seeds geiminate, but the lootlets of the seedling plints do 
not leach the stored moisture below the mteivening dry layer, and the 
plants soon die On this account, farmeis usually wait for fall inns 
befoie sowing wheat If the seeding is theieby deliyed until late in 
the fall, and fieezmg aaeather follows, the 'young plants aie injuied and 
weakened And if this is followed by an ‘ open winter, ’ so that the 
wheat plants are not protected by a covering of snow, ‘ winter killing * 
IS often very severe, and the crop is practically a failuie 

Drilling the wheat to a depth sufficient to place the seed in moist 
soil would appear to be a possible solution of this prolilem, but this is 
often found impracticable, and the seedling plants have gieat difficulty 
m forcing their leaves to the suiface It is possible that a solution of 
the difficulty may be found m a seed drill which Ins lecently been 
developed, which throws the dry suiface soil in ridges, and plants the 
gram m moist soil at mcxlerate depths m the intervening fmrows This 
plan IS not piacticable m windy legions, foi the fuiiows would soon 
fill with dry soil 

In striking contrast with Inteimountam practice, spiing wlieat is 
growm extensivelv m the Great Plains, especially in the central and 
northern part The spring sown crop escapes the diy fall and all 
danger from winter killing, while the land, having been recently 
worked, is m better condition to absoib the summer rainfall Inter- 
tilled crops are also giown to a much greater extent than in the 
Intermountam district, maize being especially populai m the northern 
part of the Gieat Plains, and the non saccharine sorghums (milo, kafir, 
sorgo) m the southern pait The mtei tilled crop has m many sections 
largely taken the place of fallow, spring wheat now being extensively 
grown on disked corn land 

Fallow IS used extensively m the Great Plains, but the experiments 
by the Office of Dry-Land Agriculture, under the direction of E C 
Chile ott,® have shown that alternate cropping and summer tillage in 
many sections is less piofitable than simple three-yeai lotations, 
especially those m which spring wheat is grown on disked corn-land, and 
even less profitable than continuous cropping Summer tillage is not 

^ A 8tvdy of Crop Rotations and CvUivation Methods for the Great Plains Area, 
U S Department of Agncnlture, Bureau of Plant Industry, Bulletin 187, p 8, 1910 
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SO well adapted to a summer rainfall as to a winter precipitation, for the 
summer rains repeatedly pack the mulch, which necessitates frequent 
cultivation to keep the land m a receptive condition and to destroy 
the weeds which spring up after each ram Summer tillage, however, 
afiords some insurance against total loss of a crop during a dry season, 
which means disaster to the f aimer with work-animals and cows to feed, 
and this element of insurance will doubtless always be a factor with 
the small farmer, even it summer tillage docs not give the greatest 
1 etui ns 

Owing to the frequent high winds in the Plains, the blowing of the 
mulch on summei tilled land sometimes becomes a serious problem 
It IS highly important in fallowing the Plains to keep the surface of 
the soil in a lougli condition, m other words, to maintain a clod-mulch 
oil the fallow rather than i dust mulch, a practice which is also 
advantageous in the absorption of ramtall On lands subject to 
blowing, the practice of cultivating in stiips is sometimes followed 
The strips aie laid out at right angles to the prevailing winds, and 
alternating strips are planted to gram or an intertilled crop Jaidine® 
his recently emphasised the \rluc of the lister in checking blowing iii 
oxtieme cases This implement opens a bioad shallow fuiiow, 
throwing the diit on both sides Groups of two or thiee fuiiows each 
ue listed at distirues of from five to twenty rods across the field at 
light angles to the wind The lister tends to foim clods, while the 
disk harrow, except in moist gionnd, tends to pulverise the soil, and 
this must always be a\oided in soils subject to blowing 

Depth oj Boot System in relation to Storage of Soil Moisiuio 

The great depth to which the roots of many of our cultivated 
plants extend has a very important bear mg on the practicability of 
stoiing moisture m the soil Buii has found that oats, spiing 
wdieat, bailey, and corn growing on the loess soils of Eastern Nebraska 
use the watei to a depth o^ 4 feet or more, while winter w^heat 
feeds to a depth of b or 7 feet E\ca\itions made m wintei- 
wheat plats m Utah showed the root svstem to extend to a depth of 
7 feet 

In a soil which can store b pei cent of ‘growth water,' there 
would be available in a section b feet m depth bOO tons ot water 
pel acre, oi enough foi the production of thiiteen bushels of wdieit 
in the cential Great Plains Foi a root penetiation of 4 feet, this 
amount would be reduced appioximatelv one-thiid 

When the system of alternate cropping ind fallowing is employed, 
water seldom moves below the zone occupied hy the loots of the 
wheat plant This has taken place, liow^o\ei, at the Dickinson expeii- 
mental farm m western North Dikoti The water which moves below 
the feeding zone is practically lost to the plant, siid lemains undisturbed 

Joui Am Soc Agion 5, 211, 1913 

Research Bulletin No 5, Nebraska Expiiimcnt Station, 1914 
Merrill, Bulletin 112, Utah Experiment Station, 1910 
Bnggs and Shantz, ‘ Relative Water requirement of Plants,' Joui Agri 
cultural Seaearchf U S Department of Agricultuie, 3» 1, 1914 
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from year to year An argument often advanced in favour of deep^ 
ploughing IS that the depth of loot penetiation is theieby incieased 
The futility of this aigument so fai as diy-faim soils aie concerned 
becomes evident \\hen it is realised that tlie noimal penetration of loots 
in the Intel mountain and Great Plains soils is far below any depth 
that could possibly be reached with the plough Deep ploughing miy 
possibly mciease the absoiption-iate of lainfall when the piecipitation 
late IS so high as to saturate the suiface soil tem])oiaiily, but this effect 
can also be secured by leaving the suiface lougli ind coirugated when 
cultivating Manjr of the field tests of the Office of Div-l^and Agiicul 
tuie have failed to show any increase in yield fioni deep plougliing, 
an operation which meins an added expense to ui indusiiy in which 
economy in laboui must be iigidly c\eu ised to show i icisoinble 
piofit> 

Loss oj ]Valer from TT eah 

A lelatncly small piopoition of the total inmiil i iinfall is con 
sei\ed in tlie fallow^ Ihe maximum quintity of stoied moistme 
available for the ciop seldom exceeds 4 inches of i imf ill in sections 
wheie the annual rainfall i inges fiom 1] to hS me lies 
This low efficiency is due in pail to loss from lun off, but mainly to 
surface evapoiition and to loss thiough the ti inspn ition of weids 
Numeious measuiements hi\c shown that \ innfill of less thin one 
half-inch does not contiibnte to the perminent stoic of moistme m 
the soil unless the suiface soil is aheady wet fiom pievious inns 
If the 1 unfall penetiates the soil below i depth of 6 inches, its i ite 
of loss due to evapoi dion is low But if the f illow is weedy, the 
stoied water is lost thiough the tianspiiitiou of the plants almost as 
rapidly as if the moist subsoil weie fieely exposed to the ui Tin 
water requiiement of vaeecls is fully as high is some of om most 
\aluable crop plants loi eximple, pigweed { [)na7anihus 
tumble-weed {{marantliu^ gfcecimn^) and Kussian thistle {SaJ^ola 
pesUfer) have a watei lequirement as high as the millets and sorghums 
while sunflowei {Helmnthu^ pelwhrus) and lamb’s quarters {Chenc 
podium album) lank highei than manv of the legumes The di>- 
faimer can, theiefoie, pioduce a aalmble foi age oi gi iiii cioj) with 
no gieatei expenditure of watci pei pound of du mdtei tli ui is lost 
through the weeds on liis fallow 

Determinations by W Biiir** in Nebiaska, B \\ Edwaids^'’ 
and I G LilP® in Kansas, and C B Burrneistei in Texas, dl 
unite in shown g that the eaaporation loss fiom land fiom wdiich the 
weeds aie sliced off with a hoe is but little gredci tbin fiom ciilti- 
aated plants In othei woids, cultivation is cffo(ii\e in conseiving 
watei mainlv thiough the destiuction of weeds ratliei thin in tlie re 
duction of surface eaapoiation This is well illustiated h\ Lill s 
measurements at Garden City, Kansas, as shown in fig 3 The 

Briggs and Shant7, Jour Agrmdtmal Research, US Dtpaitmiiifc of Agri 
culture, 8 bO, 1914 

'^search Bulletin No 5 Nebraska Expeiiincnt Station, p 61 1914 In co 
operation with the Office of Dry Land Agriculture and Biophysical In\c8tigations 

Office of Diy Land Agiiculture in co operation with the Office of Biophysical 
Investigations ^ 
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I'la 3 — Loss of moistuie from a mulched p^at m compaiison withaplat the suiface 
of which has been stiaped with a hoe to cut the weeds, and with a plat on 
which the weeds weie allowed to grow It will be seen that the mulched plat 
and the sciapcd plat differ little in effectiveness in conserving watei, while the 
\iceds i educe the moisture con tent to a depth of 3 feet 

1914 T 
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moisture content of the mulched plat did not differ maikedly fiom the 
plat on which the weeds were kept sliced off with a sharp hoe , while 
the plat on which the weeds were allowed to grow ^^as diied out to 
a depth of 3 feet 

A striking example of the loss of moisture from weeds is also 
shown m experiments by P V Cardon, conducted at Nephi, Utah 
Winter wheat was grown on four plats by the summer fallow system, 
one half the plats being in wheat each year Two plats weie fall- 
ploughed each year, and duiing the following summer, one plat was 
cultivated to destroy the weeds, while the other was left untouched 
except to clip the weeds in time to pi event the seeds maturing In 
the autumn both plats weie sown to wiiitei wheat The experiment 
was conducted for four yeais, and during this tune the yield fiorn the 
cultivated plat averaged foui bushels more per acre than from the 
weedy plat 

The loss of moistuie in these plats as the season advanced, due to 
the demand made by the weeds, is illustrated in the accompanying 
giaphs, fig 4 That this loss is piimaiily due to the weed covei and 
not to direct evaporation is suppoited by the fact that in othei experi- 
ments at this station spring ploughed uncultivated fallow on which the 
weed giowth was slight was practically as effective as cultivited fallow 
111 conserving moisture The average moisture content (6 feet in 
depth) of the weedy Nephi plat was at the time of the spiing sampling 
0 8 pel cent below the cultivated plat, and at the time of the Fall 
sampling 4 5 per cent below the cultivated plat This loss in moistuie 
duimg the summer is equivalent to 3 5 inches of rainfall stored in the 
soil This amount of water is sufficient, accoidmg to the watei 
lequuement measurements of Biiggs and Shantz,^^ to produce ten 
liushels of wheat per acre it Akron, Colorado, where the evaporation is 
the same as at Nephi In 1911 the actual increase in yield of the 
cultivated plat over the weedy plat was eleven bushels pei acre 
During the othei yeais the yield was reduced by wmtei killing, so that 
the water supply was not the primary factor m detei mining production 
Suiely no more convincing proof is needed of the necessity of keeping 
fillow land free fiom we^s in legions where the moistuie supply is 
of piiiniiy iinpoitance 


Growth water 

It has long been known that a pait of the soil moistuie is held so 
tenaciously that it is not available foi the giowth ot plants Sachs 
m 1859 appears to have been the first to recognise that the percentage 
of non available moisture varies greatly with the type of soil This is 
a matter of fundamental impoitaiice in the interpretation of soil 
moisture observations, for the water unavailable for growtli ranges 
fiom 1 pei cent or less in sand to 30 pei cent or more in the heaviest 

Office of Cereal Investigations in Co operation with the Office of Biopliv&ical 
Investigations See Tillage and Rotation Experiments at the Nephi suh station^ Utah, 
U S Department of Agnculture, Bulletm 167, 1914 

Bnggs, L I , andShantz, H L , ‘Relative Water requirement of Plants,’ Journal 
of Agricultural Research, U S Department of Agnculture, 8, 1, 1914 
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types of clay Obviously, then, the percentage of water in the soil 
that IS available for the growth of plants, or the ‘ growth-water * as 
luller^® has termed it, cannot be determined until this unavailable 
residue is known 

Alway has used the hygroscopic coefficient, t e , the percentage 
amount of water that a dry soil absorbs on exposuie to a saturated 
atmospheie, to represent the unavailable portion Briggs and Shantz 
have measured the moistuie content at which plants undergo permanent 
wilting when giowmg in a limited soil mass, protected from surface 
evaporation By peimanent wilting is meant a condition from which 
the plants cannot recover when exposed to a saturated atmosphere 
The percentage of moistuie remaining in the soil under such conditions 
has been termed the ‘ wilting coefficient * of that particular soil, and 
has been found to vary slightly with the kind of plant used as an indi 
citoi - The ‘wilting coefficient’ in connection with a total moistine 
detennination provides a meins for calculating the ‘ growth water,' 
the latter being the surplus above the wilting coefficient By the aid 
of such determinations it is possible to calculate the amount of stored 
growth water — the bank balance, so to speak, in the water accounl, 
against which the crop may draw 

It IS not necessary always to measure the wilting coefficient directly, 
since it can be calculated fiom other physical properties of soils that 
can be more readily measured Thus the moisture equivalent, hygio 
scopic coefficient, and mechanical composition have all been shown 
to bear a linear relationship to the wilting coefficient Of these 
indirect methods, that based on the moisture equivalent is the most 
rapid and satisfactory The latter represents the percentage of moisture 
remaining m the soil when brought into equilibrium with a centrifugal 
force 1,000 times that of gravity The wilting coefficient is approxi- 
mately one half the moistuie equivalent 

Where a small grain crop has extended lis root system to a depth 
of 4 feet or moie, the moisture content of the second and thud feet 
IS sometimes reduced below the wilting coefficient Tins is practicallv 
sure to occur if the ciop is suffering for water, for plants are able to 
reduce the moisture content far below the wilting coefficient wdiile in ca 
wilted condition, or dming the ripening piocess But it appeals also 
to lake place while the crop is still gi owing, provided the root system 
IS in contact with growdh w^ter in some other pait of the soil mass 

Briggs, L T , and Shantz H L , The Wilting Coefficient for Different Plants and 
it% Indirect Determination, U S Department of Agriculture, Bureau of Plant Industry, 
Bulletin 230, 1912, pp 66-59 

Botanical Gazette, 58, p 613, 1912 
20 Journal of Agricultural Science, 2 1908, p 334 21 Qp 

22 As the plant approaches a wilted condition its transpiration is reduced Purthc r 
more, as soon as wilting occurs it is necessary to transfer the plant to a saturated 
atmosphere, in order to determine whether the observed wilting is temporary or per 
manent Consequently dunng the final stages of a wilting coefficient determination 
the transpiration rate is greatly reduced 
2» Briggs and Shantz, op cit 

24 Bnggs and McLane, Jour Am Sor Agron 2, 1910, p 138 
2* Briggs L J , and Shantz, H L , ‘ Application of Wilting Coefficient Determi 
nations to Agronomic Inyestigations,’ Jour Am 80 c Agron 8, 1911, p 260 
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Si BING Wheat Akeon, Coloeado, 1911 Fallow Akeon, Colobaho, 1912 
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Fig 5 — Moisture condition'^ in spiins; ^%heat and fallow plats at Akron, Colorado, 
to a depth ot 6 feet The dotted lines represent the wilting ccefhcicnt foi 
each foot sect on 

In other words, where the root system is already established the 
crop IS able to reduce the moisture content below the wilting coefficient 
ind can use this to supplement the growth-water that it is drawing 
fioiii lower lc\cls {See fig 6, 1911 ) On the other hand, crop plants 




278 


REPORTS ON THE STATE OF SCIENCE — 1914 


show no tendency to send new roots into soil in which the moistuic 
content is reduced to the wilting coefficient {See fig 6, 1911 ) 

An example of the application of the wilting coefficient to the inter- 
pretation of moisture determinations is shown in the accompanying 
measurements by W M Osborne at Akron, Colorado (fig 5) The 
change in moisture during the season in each foot-section to a depth of 
6 feet IS shown graphically by the solid lines The dotted lines 
lepresent the wilting coefficient for each foot section The first chart 
(1911) represents the moisture conditions under a ciop of spring wheat 
duiing a dry season, tlie crop being practically a failure It will be 
seen that in the spring there was available moisture in small amounts 
to a depth of 6 feet, the greater part being m the upper 3 feet 
The crop had removed the giowth-water from the first foot by June 1, 
fiom the second and third feet by June 15, from the fourth foot by 
July 15, while the fifth and sixth feet still contained a limited amount 
of growth-water at harvest time, although the moisture had been 
reduced m each case 

The second chart (1912) shows the moistuie conditions in the 
same plat during the next summei while the land was in fallow At 
the time the spring samples were taken the moistuie content of the 
surface foot of soil was practically up to the field-cairying capacity of 
this soil With the advent of the seasonal rams the surface foot began 
to deliver to the section below It will be noted that the change in 
moisture content does not take place simultaneously through the soil 
mass, but is progressive from foot to foot, each section deliveiing water 
to the section below as it rises to its field carrying capacity When 
the moisture supply is below a ceitain percentage, dependent upon 
the soil in question, capillary adjustment in that soil is very slow 
Plants in order to avail themselves of all the growth water must 
consequently develop a root system which permeates the soil mass 
from which watei is being drawn In other words, when the moistuie 
supply IS limited the capillary distribution becomes so slow as to be 
effective only through veiy small distances Plants having a coaise 
root-system, such as maize, when used as indicator-plants, might be 
expected to give a somewhat liigher wilting coefficient than plants 
with fine loot systems like the small grains, and this has been observed 
to be the case 

The first chart m fig 6 lepresents the moisture conditions as 
measured by J 0 Thy sell m a barley plat at Dickinson, North 
Dakota, during the dry season of 1911 This plat is normally seeded 
to barley each yeai Inspection of the chart will show that at tlie 
beginning of the season the moisture content of the second and thud 
feet was at the wilting coefficient, to which it had been reduced by 
the pieceding crop A good supply of growth-water was present in 
the fouith, fifth, and sixth feet of the soil, but the loots were unable 
• 

Office of Dry Land Agriculture in Co operation with the Office of Biophysical 
Investigations 

Bnggs and Shantz, op cU 

^ Office of Dry Land Agriculture in Co operation with the Office of Biophysical 
Investigations 
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Baeley Dickinson, N D , 1911 Bablby Dickinson, N D , 1913 



Fia 0 — Moisture condit ons m a bailoy plat at Dickinson, North Dakota Tho 
dotted lines lepiesent tho wilting coefficient foi each foot section 


to penetrate the intervening diy layer, and the crop was a failure 
In 1912 the crop was destioyed by hail, so that the plat was viitually 
in fallow during this season The rainfall in 1912 was ample and the 
soil was well supplied with water in the spring of 1913, as shown 
in the second part of the chart During this year a heavy crop of 
barley was giown, which was produced m part with watei present in 
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the soil 111 1011, but unavailable io the 1011 ciop because the inter 
vening soil was reduced to ilie wilting coefficient before the looi 
system was established It would be difficult to mteipiet these 
moistuie conditions without the aid of the wilting coefficient determina 
tions, especially where the moistuie letentivity of the soil and sub 
soil IS not the same, as in the case of the Dickinson soils 

The growth-water content at seedtime and harvest in two plats at 
Akron, Col oi ado, is shown giaphically m fig 7 foi six years These 
plats foim part of the cultuial experiments of the Office of Dry-Land 
Agriculture, and are continuously ciopped to spring wheat, A being 
spring ploughed and B fall ploughed The width of the shaded 
portion in each foot section shows the amount of growth watei Tt 
will be noted that the giowlh watei was in evei}^ instance piactically 
exhausted at harvest time, wuth the exception of the surface foot, which 
in some instances had been moistened by lains neai the harvest 
peuod It ilso appeals that it this station the tune of ploughing has 
little influence on the soil moistuie content 

Maintouanco of thn ralihty of Ihe Ihy F<itw 

The miintenance of feitihty undei i system of continuous giain 
fanning, such as is piictiscd in minj diy-fiiming sections, bids f iii 
to become a inoie and moie seuous pioblem as the m us idvance 
The peiiod of ciilti\ ition of much of the cli\ fuin land lus been so 
shoit as to itfoid no infoimition on this point In anv event, it is 
hiidly a piohhiii tint cm be t ikcn up with the man who hieiks the 
\iigin lind TTis fiist concein is foi hie id, and his chief desire is to 
ch iw upon the lesouucs of lus lincl to its fullest capicitv It is only 
aftei 1 milked decrease in piocluction has occuiied that he will listen 
to measines designed to maintnn the feitilit\ of the soil Happily, 
giain fuming as pi actised on some of the oldest cliy fums in Utah 
does not \et appeir to hive diminished the pioductiveness of the soil 
This IS doulitless due in pail it least to the fact tint the wheat Ins 
been cut with a header foi inoie lecently with a combined harvestei), 
which leiaes most of the stiaw on the lind Stew ait and TTiist^® 
liave found that the humus and nitiogen content of the suifice soil of 
the wheat lands fumed foi ten \e\rs oi more Ins not fallen below^ 
that of adpeent virgin soils Tn an eailiei investigation Stewait 
found tint the oldest wheat lincls m Utah, undei cultivition foi fouiteen 
to foity one ye us, eithei continuously oi by summei fallowing methods 
h id showed no loss in humus oi nitiogen in the surface fc:)ot The second 
foot of the culin ited soils showed, how^evei, a slightly lower nitiogen 
content than tlie viigin land The aield also appeals to ln\e been 
m untamed 

A wanton waste of organic matter occuis in many diy-faiming 
sections in the northern Great Plains and in Call form a The stubble 
is burned io make the ploughing easiei and to destro} weed seeds, and 
the straw stacks are burned in the field because they aie in the path 
of the ploughs As the ploughing season approaches, the lioiizon is 

Jour Am 8oc Agron 6* 49, 1914 

Utah Experiment Station, Bulletin 109, 1010 
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often lighted at night in every direction by the flames of the burning 
stacks Even wheie the straw alone has been removed, gram-farming 
in fhe Gieit Plains has lesulted in a marked decrease in the nitrogen 
and liumu of the soil Alwav*'^ Ins shown that the cultivation of 
ilie loess soils of Nchriski Ins been accompnnied by a marked le- 
dudion in nitiales, total oigniic matter, and Immiis JTe attiibutes 

Avaiiablf Spring \nd Hirvpst Moisturf content Akron, Colorado 

1906 1909 1909 1910 1910 1911 1911 1911 1912 I9i2 1912 1913 (9l3 



Fig 7 — Giowtli watei at «;ctdtme and harvest in spnn" p^ou^hed ( \) and fall 
ploughed (B) plats continuous! v ciopixd to giain 


the gieatest loss of these components to the w isliing or blowing aw av 
of the surface soil 

Snydei found that the loss of nit logon fiom four Minnesota 
giain-farms in ten \eais was fiom fom to si\ times that remoaed 
by the ciops This loss he attiibutes to the ripid bieaking up of the 

Bulletin 111, Nebraska Experiment Station, 1900 
Bulk tin 94, Minnesota Experiment Station, 1000 


282 


REPORTS ON THE STATE OP SOIENOB.— 1 91 4 


huimis under culfcivalion ^here legumes were giown, crop rotations 
practised, live-stock kept, and the farm-manuie used, the nitrogen 
content of the soil was maintained This practice the dry-f aimer of the 
Great Plains must eventually adopt as far as his conditions will permit, 
if a permanent agriculture is to be assured m these sections Tlie 
American dry-farmer has much to learn from Australian practice in 
tlie use of stock, especially sheep, on the dry-farm 

The Water-reqmrement of Different Dry-Farm Crops 

A word must be said m regard to the impoitance of consideiing 
the water-requirement of ciops grown on the dry-faim Other things 
being equal, those ciops which aie most efficient in the use of watei 
aie obviously best adapted to diy-land conditions The gieat success 
of millet, sorghum, and maize in American diy-f irming is duo in par t 
at least to their lemarkable efficiency in the use of waiei The amount 
of water required for the production of a pound of di y mattei of some 
strains of alfalfa is four times that requned by millet, wheie the two 
crops aie glowing side by side Different varieties of the same ciop 
often exhibit wide diffeiences in w iter-requirernent The following 
figuies represent the range in watei lequirement due to varietal diffei 
ences as meaained by Briggs and Shantz in the Oieat Plains 


Table III ^Varietal Range %n the Watei i equir&ment of different Ciop^t 


Tiop 


Pounds watei leqmied to pioducf one pound of diy 
matt( i of the 


Most efficient vaiicty * Least c fficn nt \ ii u t> 



' lb 

o/ 

lb 

o/ 

Millet 

261 


444 

9 

Proso 

268 

1 ' 

541 

10 

Sorghum 

285 

5 

467 

9 

Maize 

515 

5 

411 

5 

Wheat 

475 

8 

559 

4 

Barley 

502 

4 

57S 

M 

Oats 

559 

S 

622 

9 

Clover 

789 

9 

805 

8 

Alfalfa 

651 

12 

965 

9 


These wide crop and v metal diffeiences in w itci icquiiemcnt 
suggest great possibilities in the development of sti uns foi diy land 
conditions In fact, the measurement of the w itei lequiirment affoids 
a novel and promising method of attack m the breeding and selection 
of dry land crops 


" Tovr AgrievUural Research , US Department of Agriculture, 3, ^8, 1914 
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Mrr ROCTRNT 

nUTJAl, AUGUST 14 

III the absence of the Piesident, his Address w is leid b> Piofessoi 
A W PORIFR, FRb — 

We have lost since the last meeting of the Section several distinguished membeis 
who have in the past added so much to the ueefulness of our discussions These 
include Sir Robeit Jld.ll> who was one of our oldest attendants, and was President 
of the Section at the Manchester Meeting in 1887 , Professor Poynting, who was 
President of the Section at Dover in 1899, and Sii David Gill, nho was 
President of the Association at Leicester in 1907 

It seems appropriate at this meeting in the City of Melbourne to mention one 
who passed iway from his scientific labours somewhat previous to the last meet 
mg I allude to W Sutheiland of this oitv whose writings ha\p thrown so 
much light on Molcculu Physics and whose scientific perspicacity was only 
eipi illed by his modesty 

This meeting of the British Association will be a memorable one as being 
indicative, as it were, of the scientific coming of age of Australia Not that the 
maturity of Austialian science was unknown to those best able to judge, indeed 
the fact could not but be known abroad, foi in Fngland alone there are mmv 
workers in science hailing from Australia and New Zealand, who hive enhanced 
science with then investigations and who hold many impoitant scientific posts 
111 that country In shott, one finds it best nowadays to ask of any young 
investigator if he comes from the Antipodes 

Ihis speaks well for the Universities and their stiffs, who ha\e so successfullv 
set the example of scientific in\estigation to their pupils 

Radio activity and kindred phenomena seem to ha\e attracted them most of 
late years and it would perhaps have been appropnite to have shortly leviewed 
in this address our knowledge in these subjects, to whuh the sons of Australasii 
have so laigely contributed 

Twenty five yens ago hitzGerald and others were specul itiiig on the possi 
bility of unlocking and utilising the internal energy of the atom Then came the 
epoch making discoveiy of Beiquerel, to be followed b> the biilliant work of 
Rutherford and others showing us that no key was required to unlock this 
energy — the door lay open 

We have still facing us the analogous case of a hitherto untapped source of 
energy arising from om motion through the ether All attempts, it is true, to 
realise this have filled, but ne\ertheless he would be a brave prophet who would 
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deny the possibility of tapping this energy despite the ingenious theories of 
relativity which have been put forward to explain matters away There is no 
doubt but that up to the present nothing hopeful has been accomplished towards 
reaching this energy and there are grave difficulties in the way , but * Relativity * 
IS, as it were, merely trying to remove the lion in the path by laying down the 
general proposition that the existence of lions is an impossibility The readiness 
with which the fundamental hypotheses of ‘ Relativity ' were accepted by many 
IS characteristic of present day Physics, or perhaps, more coirectly speaking, 
IS an exaggerated example of it 

Such an acceptance as this could hardly be thought of as taking place half a 
century ago, when a purely dynamical basis was expected for the full explanation 
of all phenomena, and when facts were only held to be completely understood if 
amenable to such treatment, while, if not so, they were put temporarily into 
a kind of suspense account, waiting the time when the phenomenon would 
succumb to treatment based on dynamics 

Many things, perhaps not the least among them radio activity, have conspired 
to change all this and to produce an attitude of mind prepared to be content with 
a much less rigid basis than would have been required by the Natural Philo 
sophers of a past generation These were the sturdy Protestants of Science, to 
use an analogy, while we of the present day are much more catholic in our 
scientific beliefs, and in fact it would seem that now adays to be used to anything 
is synonymous with understanding it 

Leaving, however, these interesting questions, I will confine my remarks to a 
rather neglected corner of physics, namely, to the phenomena of Absorption and 
Adsorption of solutions The term Adsorption was introduced to distinguish 
between Absorption which takes place throughout the mass of the absorbing 
material and those cases in which it takes place only over its suiface If, for 
instance, glass, powdered so as to provide a large surface, is introduced into a 
solution of a salt in water, we have in general some of the salt leaving the body 
of the solution and adhering in one form or other to the surface of the glass It 
is to this the term Adsorption has been applied Physicists have now begun to 
take up the question seriously, but it was to Biologists, and especially Physio 
logical Chemists, that most of our knowledge of the subject in the past was due, 
the phenomenon being particularly attractive to them, seeing that so many of the 
processes they are interested in take place across surfaces 

As far as investigations already made go the laws of Adsorption appear to be 
very complicated, and no doubt many of the conflicting experimental results 
which have been obtained are in part due to this, workers under somewhat 
different conditions obtaining apparently contradictory effects 

On the whole, however, it may be said that the amount adsorbed increases 
with the strength of solution according to a simple power law, and diminishes 
with rise of temperature, but there are many exceptions to these simple rules 
For instance, in the case of certain sulphates and nitrates the amount adsorbed 
by the surface of, say, precipitated silica only increases up to a certain critical 
point as the strength of the solution is increased Then further increase in the 
strength of the solution causes the surface to give up some of the salt it has 
already adsorbed or the amount adsorbed is actually less now than that adsorbed 
from weaker solutions Beyond this stage for still greater concentrations of the 
solutions the amount adsorbed goes on increasing as lief ore the ciitical point was 
reached 

There is some reason for thinking that there are two modes in which the salt 
is taken up or adsorbed by the solid surface The first of them results from a 
simple strengthening of the solution in the surface layers, the second, whidi 
takes place with rather stronger concentrations, is a deposition in what is 
apparently analogous to the solid form It would seem that the first reaches out 
from the solid surface to about 10"** cm — which is the order of the range of 
attraction of the particles of the solid substance 

The cause of the diminution in the adsorption layer at a certain critical value 
of the concentration is difficult to understand Something analogous has been 
observed by Lord Rayleigh in the thickness of layers of oil floating on the surface 
of water As oil is supplied the thickness goes on increasing up to a certain 
point, beyond this, on further addition of oil, the lavcr thins itself at some 
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pldttb and becomes much thicker at others, intermediate thicknesses to these 
being apparently unstable and unable to exist As helping towards an explana 
tion of the diminution m the adsorption layer, we may suppose that as the 
stiength of the solution is increased from zero, the adsorption is at first merely 
an inci eased density of the solution in the suiface layer For some reason, 
after this has reached a certain limit, further addition of salt to the solution 
lenders this mode of composition of the surface layers unstable, and there la a 
breaking up of the arrangement of the layer with a diminution in its amount 
We may now suppose the second mode of deposition to begin to show its effect 
with a recoveiy in the amount of the suiface layers and a further building up of 
the adsorption deposits 

On account of passing thiough this point of instability the process is 
irrcveisible, so that the application ot thermo dynamics to the phenomenon of 
adsorption is necessarily greatly restricted in its usefulness 

A possible cause of the instability in the adsorption layer which occurs at 
the Cl itical point may be looked for in the alternations in the sign of the mutual 
forces between attracting particles of the kind suggested by Lord Kelvin and 
others Within a ceitain distance apart — the molecular range — the particles of 
matter mutually attiact one another, while at very close distances they oDviously 
must repel, foi two particles refuse to occupy the same space At some inter 
mediate diotances the force must pass through zero value It has tor various 
reasons been thought that, in addition, the force has zero value at a second dis 
tance lying between the first zero and the molecular lange, with accompanying 
ilternations in the sign of the force Thus, starting from zeio distance apart 
of the particles, the sign of the force is negative oi repulsive , then, as the dis 
tance apait is supposed to inciedse, the force of repulsion diminibhes, and aftei 
passing through zeio value becomes positive or attractive, next, as the distance 
IS increased the foice diminishes agiin, and after passing through a second zero 
becomes negative for a second time , finally, the force on passing through a third 
zero becomeb positive, and is then in the stage dealt with in capillaiy and other 
questions 

As an instance of where these alternations of sign seem to be manifest, may 
be mentioned the case of certain ciystils when split along cleavage planes The 
split often runs along fuither than the position of the splitting instrument oi 
inserted wedge seems to wan ant This would occur if the particles on eithei 
bido of the clea\age plane weie situated at the distance apait where the force 
between them w is in the fiist attractive condition, for then, on iiici easing the 
distance between the particle^ by means of the wedge, the force changes sign and 
becomes lepulsive, thus helping the splitting to be piopagated further out 

Asouming that a repulsive force can supervene between the particles in the 
idsoiption layer, through the pai tides becoming so crowded m places as to 
1 educe their mutual distances to the stage when repulsion sets in, we might 
expect that in instibility would bo set up 

As ilieady stited, a rise in tempeiature reduces in general the amount 
idsoibcd, but below the ciitical point the nitrates and sulphates are exceptional, 
toi use in temperature here inci eases the amount adsorbed from a given solution 
This obviously necessitates that the isothermals cross one another at the critical 
point 111 an Adsorption Concentiation diagiam This may peril ips account foi 
some obseivers finding that adsorption did not change with temperatuie We 
have inothei exception to the simple laws of adsorption in the case of the alkali 
chloiides, this exception occurs under ceitain conditions of tempeiature and 
stiength of solution The noimal condensation into the suiface layei is reversed 
and the salt is repelled into the geneial solution instead of being attracted by 
the suifite In other words, it is the turn of the other constituent of the 
solution, n imely, the w iter, to be adsorbed 

It is a veiy well known expeument in adsoiption to run a solution such as 
that of peimanganate of potash thiough a filter of sand, oi, better, one of 
piecipitated silica, so as to provide a veiy laige suiface Tne first of the solution 
to come thiough the filter has piactically lost all its salt owing to having been 
adsorbed by the surface of the sand 

I was interested in finding a few months ago that Defoe, the authoi of 
‘ Robinson Ciusoe,* iii one of his other books, depicts a party of African travelleis 
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ds being saved fiom thiist m a place 'v\liere the water was charged with alkali 
by filtering the watei through bags of sand Whether this is a practical thing 
or not IS doubtful, or even if it has ever been tried , for it is only the first part of 
the liquid to come thiough the filter which is purified, and very soon the surface 
has taken up all the salt it can adsorb, and aftei that, of course, the solution 
comes through intact It is interesting, however, to know that so long ago as 
Defoe’s time the phenomenon of adsoiption fiom salt solutions had been 
observed It is not so well known that in the case of some salts under the cii 
cumstaiices mentioned above, the first of the solution to come through the sand 
filter IS stronger instead of weaker This, as already mentioned, is because 
water, or at least a weakei solution, foims the adsorption layer 

Most of the alkali chloiides as the temperature is raised show this aiiomaloub 
adsorption, provided the strength of the solution is below a certain ciitical vilue 
differing for each temperature Foi stiengths of solution above these values 
the normal phenomenon takes place 

No investigations seem to have been made on the effect of piesbuic on adsoip 
tion 'These data are much to be desired 

The investigation of adsoiption and absorption should throw light on Osnioais, 
as in the first place the phenomenon occuis icioss a surface necessaiily covered 
with an adsorption layer, and in the second place, a© wo shall see, the final con 
dition IS an equilibrium between the absorption of watei by the solution and that 
by the membrane 

The study of the conditions of absorption of water throughout the mass of tho 
colloidal substance of which osmotic membranes aie made is of much inteiest 
Little woik has been done on the subject as yet, but whit little his been done i& 
very promising 

It IS convenient to call the miteiiil of which a semi pormeible membianc is 
made the semi permeable medium The ideal semi peimeable medium will not 
absorb any salt from the solution, but only water, but such perfection is probably 
seldom to be met with If a semi permeable medium such as parchment p ipei 
be immersed in a solution, say, of sugar, leas watei is taken up or absorbed thin 
IS the case when the immersion is m pure water The diminution in the amount 
absorbed is found to increase with the strength of the solution It is at the 
same time found that the absorption or release of water by the semi permeable 
medium according as the solution is made weaker or stronger is accompanied by 
a swelling or shrinkage greater than can be accounted for by the water taken up 
or rejected 

The amount of water absorbed by a semi permeable medium fiom a solution 
IS found by experiment to depend upon the hydrostatic piessure If the pressure 
be increased the amount of water absorbed by the semi permeable medium is 
increased It is always thus possible by the application of pressure to force tho 
semi permeable medium to take up from a given solution as much water as it 
takes up from pure water it atmospheric pressure 

It IS not possible for a mass of such a medium to be simiiltaneonsly in con 
tact and in equilibrium with both puie water and with a solution all at one and 
the same pressure, seeing that the part of the medium in contact with the puie 
water would hold more water than that part in contact with the solution, and 
consequently diffusion would take place through the mass of the medium 
If, however, the medium be arranged so is to separate the solution 
and the water, and piovided the medium is capable of standing the necessaiy 
stiain, it IS possible to increase the piessuie of the solution without increasing 
the pressure of the water on the other side Thus the part of the medium which 
is in contact with the solution is at a higher pressuie than that part in contact 
with the pure solvent , consequently the medium can be in equilibrium with both 
the solution and the solvent, for if the pressures are rightly adjusted the moisture 
throughout the medium is everywhere the same 

The ordinary arrangement for showing osmotic piessure is a case such as we 
aie considering, and equilibrium throughout the membrane is only obtained when 
the necessary difference m pieosure exists between the two sides of the 
membrane 

This condition would eventually be i cached no niattci how thick the mem 
bi me was It is sometimes helpful to think ot the menibiane as being vciy 
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thick It precludes any temptation to view molecules as shooting across from one 
liquid to the other through some kind of peepholes in the membrane 

The advantage of a thin membrane in practice is simply that the necessary 
moisture is rapidly applied to the active surface, thus enabling the pressure on 
the side of the solution to rise quickly, but it has no effect on the ultimate 
equilibrium 

As far as that goes, the semi permeable membrane or saturated medium 
might be infinitely thick, or, in other woids, there need be no receptacle or place 
for holding the pure solvent outside the membrane at all In fact, the function 
of the receptacle cont lining the pure solvent is only to keep the medium moist, 
and IS no more or no less important than the vessel of water supplied to the 
gauze of the wet bulb thermometer It is merely to keep up the supply of water 
to the medium 

The real field where the phenomenon of osmosis takes place is the suiface of 
separation between the saturated semi permeable medium and the solution 
Imagine a laige mass of colloidal substance saturated with water and having a 
cavity containing a solution Ihe pressure will now tend to rise in the cavity 
until it reaches the osmotic piessuie — that is, until there is established an equi 
librium of surface transfei of molecules from the solution into the medium and 
bick from the medium into the solution 

No doubt, the phenomenon as thus described occurs often in Nature It is 
just possible that the high piessuie liquid cavities which mineialogists find in 
certain rock crystals have been loimed in some such mannei in the midst of a 
mass of semi permeable medium, the pure solvent in this case being carbon 
dioxide and the medium colloidal silica, which has since changed into quartz 
crystal 

In considciing equilibrium between a satuiated semi permeable medium 
and a solution theie seems to me to be a point whioh should be carefully con 
sideied before being neglected in any complete theory That is, the adsoiption 
layer over the suiface of the semi permeable medium We hi\e seen that solu 
tions aio piofoundly modified in the suiface layers adjoining certain solids, 
through concentiation or otherwise of the salts in the suiface layer, so that the 
actual equilibrium of surf ice transfer of w ater molecules is not between the 
unmodified solution and the semi peimeable medium, but between the altered 
solution in the absorption layer and the saturated medium Actual determina 
tions of the adsorption by colloids aie much wanted, so as to be able to be quite 
suie of what this eoirection amounts to oi e\en if it exists It may turn out to 
be zero If there is adsoiption, howiver, it may possibly help to account for part 
of the unexpectedly high values of the osmotic pressure observed at high con 
centrations of the solution, the equilibrium being, as we have seen, between the 
saturated medium and a solution of gi eater concentiation than the bulk of the 
liquid, namely, tnat of the adsorption layei In addition, when above the 
critical adsoiption point, there may be a deposit in the solid state This may 
pioduee a kind of polarised equilibrium of suiface transfer in which the molecules 
which dischaige from the satuiated medium remiin unaltered in amount, but 
those which move back fiom the adsoiption liyer are reduced owing to this 
deposit, thus necessitating an increase in piessure for equilibrium If either 
or both of these effects reallv exist, it would seem to lequiie that the prcssuie 
should be higher foi equilibiium of the molecular suiface tiansfer than if there 
were no adsoiption 1 lyei iiid the unaltered solution weie to touch the medium, 
but at the same time it should be temembered that thcie is a second suiface 
where equilibrium must also exist — that is, the suiface of sepaiation of the 
adsorption layer and the solution itself It is just possible that the two togethei 
cancel each othei’s action 

Quantitative determinations of absorption by solid media fiom solution are 
hard to carry out, but with a liquid medium are not so difficult Ether con 
stitutes an excellent semi peimeible medium foi use with sugar solution, because 
it takes up or dissolves only a small quantity of water and no sugar A senes 
of experiments using these for medium and solution has shown (1) that theabsoip 
tion of water from a solution diminishes with the ctrength of the solution, and 
(2) that the absoiption of watei for any given strength of solution inci eases with 
the piessure This inciease with piessuie is somewhat more rapid thin if it 
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were in proportion to the pressure On the other hand, fiom puie watei ether 
absorbs in excess of normal almost in proportion to the pressure Certainly this 
IS so up to 100 atmospheres This would go to confirm the suggestion already 
made that the departure from proportionality in the osmotic pressure is attri 
butable to absorption 

By applying pressure ether can be thus made to take up the same quantity of 
water from any given solution as it takes up from pure witer at atmospheric 
pressure It is found by experiment that this pressure is the osmotic pressure 
proper to the solution in question 

Decidedly the most interesting fact connected with the whole question of 
osmotic pressure, the behaviour of vapour pressures from solution, and the 
equilibrium of molecular transfer of solutions with colloids, is that discovered 
by van t Hoff, that the hydrostatic pressure in question is equal to what would 
be produced by a gas having the same numbei of particles as those of the 
introduced salt Take the case of a mass of colloid or semi permeable medium 
placed in a vessel of water the colloid when in equilibrium at atmospheric 
pressure holds what we will call the normal moistuie By increasing the pressure 
this Inoisture can be increased to any desired amount Noav, on mtioducing 
salt the moisture in the colloid can be reduced at will The question is, What 
quantity of salt must be introduced just to bring back the amount of the 
moisture in the colloid to normal’ Here we get a great insight into the internal 
mechanism of the liquid state The quantity of salt rtquiicd turns out to be, 
approximately at least, that amount which if in the gaseous state would produce 
the pressure So that normality can be either directly restored by removing the 
pressure or indirectly by introducing salt m quantity which just takes up the 
applied pressuie lhat this is so natuially suggested thit the salt, ilthough 
compelled to remain within the confines of the liquid, nevertheless pioduces the 
same molecular bombardment as it would were it in the gaseous state, though of 
course the free path must be viewed as enormously lestricted compared with that 
in the gaseous state 

Many have felt a difficulty in accepting this view of a moleculir bombard 
ment occurring in the liquid stite, but of recent years much light has been 
thrown on the subject of molecular movements in liquids, especially by Perrin’s 
work, so that much of the basis of this difficulty may be f mly considered as now 
removed 

Quite analogous to the reduction from the noimal of the moisture held by a 
semi permeable medium brought about by the addition of salt to the watei, is 
the reduction in the vapour pressure arising from the presence of a salt in the 
water The vapour pressure is likewise increased by the application of hydro 
static pressure, which may be effected by means of an inert gas In both cases 
the hydrostatic pressure which must be applied to bring back to normality is 
equal to that which the added salt would exert if it w ere in the state of vapour, 
or, in other words, the osmotic pressuie 

The two cases are really very aimil ir In both there is ecjuil molecular transfer 
bickwards and forwards acioss the bounding surface In the one a traiiafti 
from that solution to the semi permeable medium and bick fiom it into the 
solution In the other a transfer from the solution into the supcrambient vapour 
and back from it into the solution 

The processes are very similar, namely, equal moloculii transfer to and fro 
across the respective surfaces of separation 

Thus we may in the case of osmotic equihbiium attiibutc the phenomenon 
with Callender to evaporation, but not evipoiition in its restricted sense, from 
a free surface of liquid, but as we have seen from a saturated collodial surface 
into the solution This process might perhaps be better lef erred to as molecular 
emigration, the term migration being already a familiir one in connection with 
liquid phenomena 

The following Report and Papers were then read — 

1 Report of the Committee to Aid in EbLahlishing a Solar Physics 
Observatory in Australia — See Eeports, p 74 
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2 Mount Stromlo Observatory By P Bar\cchi 

The Government of the Commonwealth, wishing to define a spot within the 
Federal Territory the meridian of which should be adopted as the Prime Men 
dian of Australia, to serve as the common longitude datum for all State surveys 
decided to mark the spot by electing upon it a small astronomical observatory 
which, if the selected site proved to be sufficiently good for the most delicate and 
important class of astronomical observation and research, was to be expanded 
and equipped as a modern observatory of the first order, including a department 
foi the study of the sun 

The site was selected in the year 1910 a concrete structure with an eighteen 
foot dome was subsequently erected, and a nine inch refractor by Grubb, equa 
tonally mounted, was installed in September 1911 

With this instrument astronomical observations, visual, photographic and 
spectroscopic, were carried out during one week of each month in the year 1912 
and till April 1913, after which sufficient evidence was collected to show that the 
site was suitable for a first class observatory 

Since then this obseivatoiy has remained inoperative pending the decision of 
the Government as to its future 

In this paper the site of the observatory, the instruments, and the work done 
were briefly described, with the object of placing sufficient information about this 
matter before the British Association to enable it to recommend to the Common 
wealth Government the general lines on which this observatory should be 
enlarged and equipped, and whit should be the programme of its future work 

3 Pi oofs of the Sun's Variability By C G Abbot 

It has been shown by experiments of the Smithsonian Astrophysical Obsorva 
tory conducted simultaneously at Mount Wilson in California and Bassour in 
Algeria, m the years 1911 and 1912, that the values of the intensity of the solar 
ladiition outside the itmosphere estimated by spectrobolometiic observations at 
the two stations on the s ime days are, within the limits of error, identical The 
measurements at the two st it ions agiced within an avenge deviation of about 
1 per cent It appeared, howevei, that the \ dues of the solai lonstant ot 
1 idiition obt lined deviated o\ci i nngc of nearly 10 pei cent during the con 
tinuance of the expeditions This deviation was observed at both stations, 
so that if high values wore obtimcd in California high values were obtained 
simultaneously in Algeria, and inf versa Professor Turner has computed, from 
the observations, the coefficient of corielatmn between the results at the two 
stations He fmdh this loefficKiit to be 52 iier cent plus or minus 7 pei 
cent if all the obseivations are used Rejecting three observations of extreme 
doubtfulness, the correlation coefficient uses to 60 per cent This furnishes very 
strong evidenie of the viriibility ot the sun which appears to be irregular in 
period and irregular in implitudo but miy laiige o\ti a couise of 5 per cent 
oi even moie within the lansc of i week 

Measurements of the solai constant of ridiition liave been conducted on 
Mount Wilson in California by the Smithsonian Astrophysical Observatory for 
about eight yens, though unfortun itely the observations have been confined to 
the months of summer ind lutiimu when the sky is favourable there for them 
It IS highly import lilt tint such woik should be taken up at another station, oi 
preferably at sever il other stations, where favourable conditions of the sky 
would be found in the other months of the year 

When the monthly mem values of the solar constant as obtained on Mount 
Wilson are compared with the sunspot numbeis of Wolfer, it is found that 
increased sun spot numbers correspond with inci eased values of the solar radia 
tion and vice versa Professor Turner has computed the correlation coefficient 
for these two variables as depending upon fifty months of observations, and 
finds this coefficient to be 53 per cent plus or minus 7 per cent Here also it 
seen that a strong proof of the viriabilitv of the sun’s radiation exists It 
appears therefore that the sun, besides varying from day to day in the manner 
shown by the combined Algerian and Mount Wilson observations, also varies 
from year to year in connection with the march of the sun spot cycle 

u 2 
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In September 1913 a tower telescope, forming the image of the sun by the use 
of mirrors without lenses, and yielding an image of about 9 inches in 
diameter, was made ready in connection with the stition of the Smithsonian 
Astrophysical Observatory on Mount Wilson The image of the sun is caused 
to fall upon the slit of a spectrobolometer, which slit for this purpose is only 
about thiee eighths of an inch in height By stopping the clock of the telescope 
the solar imaige drifts centrally across the slit of the spectrobolometei , owing 
to the diurnal rotation of the earth There is thus produced, by automatic 
registeiing of the indications of the bolometer, a curve of distribution of in 
tensity along the diameter of the sun’s disk This curve takes the form of a 
letter U The length of the straight sides of the (J may be taken as represent 
ing the intensity of the solai ladiation at the edge of the sun’s disk, and the 
height of the JJ to the centre of the curve may bo taken as representing the 
intensity of the radiation at the centre of the disk Thus a contrast of the 
intensity of radiation along the diameter of the sun is made m inifest Obser 
vations weie made on nearly fifty days of the year 1013 with this ippaiatus, and 
on each day the distribution of intensity at seven different \va\e lengths of the 
spectrum between 3,700 Angstroms and 10,000 ^ingstroms was determined by 
making two curves at each wave length On the same days the solar constant 
of radiation was determined at Mount Wilson 

Work with a similar object, but done m different ways, has been earned 
on by Vogel, Pickering Langley, Very, Scliwarzschild and Vill igcr, and Abbot 
and Fowle It is found by comparison of the distribution curves obtained at 
Mount Wilson in 1913 with others obtained by Abbot and Fowle in 1907, that a 
change of form of the distribution curve has occurred between these epochs 
The contrast of brightness between the centre and edge of the sun in the yeai 
1907 was gp:eater than the contrast found in the year 1913 This is verified at 
all wavelengths, but the change of contrast is greater for short wavelengths 
than for longer ones 

It further appears, by comparison of results of one day with another in the 
year 1913, that a change of contrast of brightness is going on all the time, 
similar in irregularity of period and amplitude with the variation of the sun’s 
total radiation which was found by comparison of Mount A\ilsc>n and Bassour 
observations When the daily values of the solar constant of radi ition obtained 
in 1913 are compared with the distribution of brightness along the sun’s 
diameter, it is seen that a close correspondence of vaiiation occuis between the 
two This daily variation is of such a natuie that when the solar constant values 
increase the constant of brightness between the centre and edge of the sun 
diminishes The result is contrary to that which was indicated by a few 
observations of Abbot and bowle in the year 1908 Jt is believed on further 
examination that the results of Abbot and Fowle in 1908 were made eironeous 
by certain defects in the measurements of the solar constant of radiation on two 
or three days The new results come from nearly fifty diys of observation, and 
are quite definite in showing the connection between the variation of the radia 
tion of the sun and the variation of brijghtness along the sun’s diameter 

It appears, however, that the correlation between solai* constant values and 
contrast values between the yeais 1907 and 1913 is contrary in its sign to the 
correlation between these variables exhibited by the d iily march of values for 
the year 1913 This may point to a greater complexity of the solar problem 
than was at first indicated by the results of Abbot and Fowle It may be that 
the march of the sun spot period attends an influence in one direction, while the 
march of short period fluctuations of the solar radiation from day to day attends 
a change of contrast in the other direction 


4 Discussion on the Present Stale ot the Problem of Australian 
Longitudes Opened by P Baraccitt 

In Mr Baracchi’s paper were discussed the longitude values assigned to the 
two Australian meridians of Port Darwin and Southport (Queensland) , these 
being, respectively, the terminals of the two chains of telegraphically deter 
mined longitudes carried eastward from Greenwich via India, Singapore, and 
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Poit Ddiwiii, in one case, and westward thiough Cdiiada and the Pdcific Ocean 
^to feouthpoit (Queensland) in the othei cise 

It was also shown that the connection between these two meridians obtained 
by means of the measured longitudinal aics Port Darwin Melbourne, Melbourne 
Sydney, and Sydney Southpoit (Queensland) completes a whole longitude ciicuit 
round the Earth, with a closing erroi of less than a hundred feet 

The leality of such a small error was questioned, chiefly on the ground that 
laiger discrepancies weie found m the indciiendent lesults of ccitain links which 
have been measured more than once 

It wis pointed out that in older to lendei the whole of this impoitant longi 
tude circuit homogeneous and reluble a re me isuicment should be mide of the 
lies Madras Singapore, Singipore Poit Daiwin, and Poit Dai win Southport 
(Queensland), adopting the highest refinements of modem piactice and present 
instrumental means 

The object of the p ipei was to enlist the sympathy of the British Association 
in this matter, and to obtain its advice as to the most piactical and efiicient plan 
of cariying out the work 


TUEi^DAYy AUGUST 18 
Joint Meeting with bcction B {Chtmiiitry) 

Viscusbton on the Structure of ^tonis and Molecules 

Sii Ernest Ruiheriord (ibstraet of remarks) In leccnt times tlieie has 
been an iccumulation of convincing evidence of the independent existence of 
tlie chomic il atom The atomic theoiy is no longer merely an hypothesis intio 
duced to explain the laws ot chemical combination, we iie able to detect and 
count the individuil itoms We can deteimine the actual mass of an atom in 
\ irious ways, and know its Vilue with considerable accui icv The idei that the 
atom IS an electrical stiucture leccived a gieat impetus by the detection of the 
electron by J J Thomson , ind moieover, the Zeeman effect showed that all 
itoms must contain electrons The atomic character ot negative electricity is 
well established, we always find the negative election, however produced, 
ciirying a definite chiige We hive, unfortunately, not the same certainty 
with regiid to the behavioui of positive electiicity, for it cannot be obtained 
except associated with a mass comparable with that of a h\drogen atom In 
J J Thomson’s model of the atom the positive electricity was supposed 
(for mathematical reasons) to be distiibuted throughout a large sphere with the 
negative coipusclos moMiig inside it This hypothesis his pliyed a useful part 
in indicating possible lines of idvance, but it does not fit in with moie recent 
discoveiics, winch point to a concenti ited positive nucleus 

We have now two powerful methods that aid us in determining the inner 
structuie of the itom — the s».atteiing of high speed particles in tiansit thiough 
matter, and tlie vibrations of the inteiior parts of the atom In C T R 
Wilsons photographs of the tricks of the a particles thiough a gas vnc notice 
many sudden bends in the piths In order to account for these deflections I 
have found it necessiry to believe that there is a coiicentrrted nucleus in the 
atom (having a ceitnn numbei of units of charge), in vaIiicIi the miin pait of 
the mass resides, outside this theic aie a corresponding numbei of electrons 
The whole dimensions of the nucleus are verj small indeed compared with the 
distance of the outer electrons Fiom the scattering experiments it appears 

that the law of force right up to the nucleus is the inverse square law, no 

other formula would give accordance with the observations The ladius of the 
nucleus is of the order 10-** cm rn the case of gold, and for a lighter element 
it IS smaller still The approach of the a piiticle to the nucleus of the h\drogen 

atom wherr the littei is set into very swift motion is exceedingly close — a 

distance oven less than the diarnetei of an election From this it is 
probable that the hydrogen nucleus is simply the positive electron with i large 
electiical mass due to the great concentration of the positive charge Another 
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fact that appears from the seattermg experiments is that the number of elec 
trons (outside the nucleus) is about half the atomic weight There is now« 
fairly good evidence that, if the elements are numbered in order of atomic 
weight, the numbers will actually express the charge on the nucleus The rate 
of vibration of the inner parts of the nucleus can now be measured by means 
of the characteristic X rays emitted Each substance has several strong lines 
in its X ray spectrum, and as we pass from element to element in order of 
atomic weight the frequencies of these change by regular jumps H G J 
Moseley has investigated all the known elements in this way, and he is even 
able to show at what points elements are missing, because at such points the 
X ray frequencies make a double jump In this way he has found that between 
aluminium and gold only three elements are now missing It is deduced from 
these considerations that there is something more fundamental in the atom than 
its atomic weight, viz , the charge on the nucleus, and th it this is the mam 
factor which controls the frequency of the interior vibiatioiis, the mass having 
only a slight influence 

There are certain elements with identical chemicil propeities, but different 
atomic weights Thus Radium B (atomic weight 214) and lead (207) aie 
chemically inseparable and have the same y lay spectrum It is quite deal 
that some new conception is required to explain how the atoms, having the 
structure we have supposed, can hold together N Bohr has faced the difh 
culty by bringing in the idea of the quantum in a novel way At all events, 
there is something going on in the atom which is inexplicable by the oldei 
mechanics 

Professor Armstrong Although chemists must admire as well as welcome 
the bold attempt physicists are making to unra\el the structure of the 
elementary atom, they cannot yet with advantage discuss the conclusions 
arrived at by their colleagues , the arguments used are so novel and daring, the 
contentions so original, that at present they aie not in a position to appreciate, 
still less to criticise them effectively, in fact, the chemist’s office at the 
moment must be mainly to point out the conditions that i theory must satisfy 
to meet his requirements He has long been prepared to believe that the 
materials spoken of as elements may prove eventually to be compounds, indeed, 
the relationships between them are so similar to those manifest between carbon 
compounds, and of such a character, that it is almost necessary to believe in their 
composite nature, but the views that are now advocated by physicists are 
entirely different from any conceptions that chemists have ever entertained and 
cannot easily be assimilated by them Physicists, unfortunately, in the past 
have held aloof from chemists , they have paid too little attention to then 
methods and to their results, the movement now in progress is therefore to be 
welcomed, as it must have the effect of leading the two parties in future to 
work together to a common end Hence the value of the present discussion 

It is doubtful if it be permissible at present to conclude that elements of 
different atomic weight may and do exist which are indistinguishable chemi 
cally the observations on which reliance is placed have been made with 
quantities of material far too small to permit of such an inference , in the case 
of the rare earth elements, although very large quantities of material have been 
at the disposal of chemists, they have only slowly discovered differences by 
which they are enabled to distinguish and separate them Though the special 
methods made use of by physicists are very powerful, they suffice only in 
certain cases and have little chemical significance, when physicists resort to 
chemical methods the work becomes subject to ordiniry criteria 

The resemblance of the X ray spectia of so many elements is undoubtedly 
most significant, but to conclude, on such evidence, that all but very few of 
the elements are discovered is scarcely justifiable, it may well be that most of 
those that are known belong to a certain ‘preferred ’ type and that a particular 
series is nearly complete, the similarity of the spectra being perhaps due to tho 
presence of » radicle common to the series, much as in the case of a series of 
related benzenoid compounds In the case of carbon compounds, of the large 
number of series possible, it is well known that certain types are formed 
preferentially, being more stable or more readily produced than others If tho 
so-called elements are compound substances, it may well be that the occurrence 
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and prevalence of a certain type is determined in a somewhat similar way— 
that some one type has been preferred 

Any theory of atomic structure to be satisfactory to chemists must take 
fully into account the peculiar valency relationships that are manifest among 
the elements, as the system of ‘structural* formulae now in vogue is based 
solely upon these The system is admittedly one of extraordinary perfection 
and remaikably simple In the case of organic compounds, the rules laid down 
have been found to be applicable and to suffice in so many thousands upon 
thousands of cases that it is impossible to doubt their general correctness, at 
most it will be necessary eventually to translate them directly into some new 
language It should be pointed out, however, that so called structural formulae 
are to be regarded as condensed symbolic expressions indicative of the general 
behaviour of the compounds represented in terms of certain well understood 
conventions, rather than as actual representations of structure For example, 
it is customary to represent benzene bv a regular hexagon, a symbol which is a 
complete expression of the chemical behaviour of the hydrocarbon But the six 
carbon atoms are not to be thought of as arranged in a plane and in a ring in 
the manner depicted bjr the symbol, such an arrangement is impossible if the 
affinities of the carbon atom act tetrahcdrally The structure of benzene is 
lathei to be represented by a model in A\hich six carbon atoms (represented by 
SIX large spheres) are arranged three and three, in two superposed layers, union 
t iking place between an atom in one plane with a contiguous atom in the plane 
ibovo, which in turn is united to that in the plane below — so that the atoms 
lie connected in zigzag fashion, and the «!ix hydrogen atoms are to be thought 
of as severally united to the six carbon atoms in such manner that the hydrogen 
itom IS always in a pi me different from that which contains the caibon atom 
with winch it is connected If the ‘ atoms * in such a model are squeezed down 
into one plane, the pi ejection is practically identical with the ordinary ‘ centiic* 
symbol of benzene The iirangtment referred to is shown in the accompanying 
figures (see Plate) 

The fundamentnl assumption made by chemists, upon which then system 
of structural foimuli is based, is that the hydrogen atom has unit \alenc> — 
th it it IS incapable of acting as a linking element The whole of the e\ idence 
IV ail able appeals to be in fnoui of this view The contention advanced 
lecently by Sii J J Thomson, that hydiogen may occur as a tnatomic molecule, 
Hs, IS therefore unacceptable , until the existence of such a molecule has 
been pioved up to the hilt it will be impossible for chemists to admit its 
existence The artifice by which Sir Toseph Thomson has sought to leconcile 
his interpretations with those of chemists practically involves the representation 
of hydrogen as a dvid if this conclusion were accepted it would be necessaiy 
to double the valency of all other elements, a step which cannot be justified on 
chemical evidence It is in cases such as these that a better understanding 
between chemists and phvsicists is requiied 

The variation of valency is probably the most perplexing phenomenon in 
fhemistiy It is doubtful if any element have a higher ‘true* or fundament il 
valency than carbon, the view sometimes put forward that certain elements mav 
function even as octads is based on evidence which in no way justifies such 
an assumption Not only will it be necessary to account for the vaiiation in 
valency from element to element but also for the fluctuations obseived 
esyiecially in the case of the non metallic elements The variation seems to be 
determined by some recipiocal relationship between the interacting elements, 
valency appirently being a dependent variable rather than an absolute pro 
perty , thus, to quote examples, whilst the hydrocarbon CH* is non existent 
ind cannot exist per ‘jc the corresponding oxide, carbonic oxide, CO, is not 
only stable but lelativelv ineit, combining with other substances only under 
special conditions , and the conespondiiig sulphur compound is so active that 
it cannot exist independently, hut at once undergoes polymerisation with ex 
plosive violence Yet sulphuretted hydiogen occurs as a gas of simple mole 
cular composition, whilst water, being a liquid of relatively high boiling point 
is presumably of considerable molecular complexity, so that it must be supposed 
that the fundamental molecule OH^ is a highly active material No theory of 
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atomic structure will be acceptable unless it can account for variations such as 
these 

Besides considering variations in atomic properties such as have been 
lef erred to, it will be necessary also, in devising a theory of atomic structure, 
to take into account the fact that valency is a ‘ directed function ’ The 
tetrahedion apparently is a complete embodiment of the piopeities of the 
carbon atom, in so far as these are due to directed foices, if the affinities of the 
atom be thought of as proceeding from the centie of mass to the foui apices 
Or if, instead of representing carbon by a sphere four times the volume of the 
unit sphere representing the hydrogen atom, four unit spheres be piled in 
tetrahedral form, the four hollows into which other similar sphciess will ht 
are in positions representing the diiections in vhich affinity acts The gieat 
body of facts arrived at bv studying optically acti\e ‘asymmetric’ caibon 
compounds are all compatible with such modes of representing caibon , more 
over, the hypothesis is the only one de\ised that sets the necessiiy limit to the 
number of isomendes possible What is true of carbon is tiue apparently of 
othei: elements But it is very notevioithv that the affinity of ciibon atoms 
for carbon atoms, as Avell as foi those of mxny othei elements, is extraoidinarily 
strong in comparison with th it of other elements foi eidi othci , caibon his 
pioperties which aie altogcthei peculiai 

hiesh significance has been given to the problems of vilency of late yeais 
owing to the intiodiiction, by Biilow and Pope, of the conception that it is to 
be legaidcd as a fiimtion of the \olume occupied by the itom \ siimiiig 
that the atoms are closely packed, they have suiceedid to in extent which is 
altogethei remarkable, by meins of this hypothesis, in coiielating civstalline 
foim with molecular structuie Regarding the sphere within which the in 
fluence of the hydrogen itom is exeicised is unity, that of the dyid elements 
is twice, that of the triid thiee times, that of a tctrid element such is 
caibon four times, as greit as tint ot the hvdiogcn atom The halogens 
appear to occupy the same lelitue volume is lucliogin A laige body of evi 
deuce to this effect is to be found in a recent communication to the Royil 
Society (‘ Proc R Soc ’A vol 90, p 111, 1914) Appaiently when in 
element such as an atom of halogen is intiodiued in pi ice of hydiogen, the 
alteration in volume which attends the change is not simnly due to the dis 
plicement effected by the new atom the alttiition in composition involves 
ilterations in the spheres of influence of all the atoms in the molecule so that 
then leUtive volumes remain the ‘^ime though then actual volumes may vary 

It is to be expected tint manv of the pioblems of moleciilai structuie which 
in the past could not be considered especially in the case of nioiganic com 
pounds, will now be amen ible to tieatment from the ciystallogiaphic side 
The view originally put foiwaid bv Lavoisier and elaborated bv Ber/elius, that 
acids such as sulphuiic acid aie compounds of an acid oxide with ‘water,’ may 
be referred to as a case in point (see ‘ Proc R Soc ’ A vol 00, p 70, 1914) 

In view of the production of helium in so many cises of ‘atomic’ disrup 
tjon, it must not be foigotten that the problems of ‘ element iry’ atomic struc 
tine still require study on the chemical side It is not to be supposed that they 
are no longer amendble to cbemicil tieatment and that they are ripe foi puiely 
physical treatment 

Professor Hicks Professor Rutheiford has ippioaihed the question chiefly 
fiom the side of radioactive phenomena, whilst Piofessor Aimstrong has dealt 
with certain stereogiaphic properties of the molecule which physicists must 
take account of in forming any theory of the stiucturc of the atom itself I 
propose to draw attention to certain aspects of the problem when approached 
from the spectioscopic side, i p , from consideration of the atom as i coiifigura 
tion capable of emitting definite sets of fiee vibrations Before doing so, 
however, I should like to offer some criticism with reference to a point raised 
by Professor Rutherford, viz , the actual value of the effective nuclear charge 
in any case Moseley’s law indicates that they are consecutive multiples for the 
consecutive elements in the periodic table, and they are known if that for one, 
say He, is known What evidence we have seems to me rather to weigh in 
favour of He having an atomic number 4 in place of 2 which is assumed by 
Rutheiford, Bohr, and Moseley himself That it is at least 2 is clear from 
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the double charge on the o particle, but it does not follow when two of the 
movable electrons aie freed that nine are left bound with the nucleus The 
supposition that the atomic number for H is 1 and for He is 2, means that 
there are no intermediate elements between them But there are several con 
siderations which point to the existence of 2 (1) Nicholson has given very 

weighty reasons for supposing that the lines observed in the corona and in 
nebulae are due to two elements whose atomic \\ eights he between those of 
H md He, which he has called respectively Coionium and Nebulium Then 
nuclear chaiges, however, are 4 and 5, which ^\ould miko lie 6 (2) Rydberg 

has proposed a theory of the constitution of the periodic table which has been 
remarkably justified in one respect by Mosclev’s measurements, in so fai that 
it requires 32 elements between Ki and Ra Fm in place of 36 as hitherto 
supposed The same reison which requires these 12 elements also requites 
2 between H and He (3) In the Julv number ot the * Philosophical 
Magazine’ Rydberg has discussed Moseleys measurements of the frequencies 
of the Baikla K and L series, and finds that if N — the atomic number — be 
based on 4 for He, the fiequencies of the lines can be represented by the follow 
ing s(hemp 

K(a) and K(i8) by P(N-3)'’ P(N 3 5)* 

L(a) and L(a) „ P(N - 3 x 3) P(N - 3 x 3 5)* 

L(7)andL(5) „ P(N-4x3) P(N-4x3''>)2 

but that such in arrangement is impossible if N be b ised on any othei number 
than 4 for He More exact numbeis, howe\er, are needed befoic these lelations 
can be regaided as established 

Wc already know ceitiin definite f icts as to the constitution of in itom 
They aie — 

(1) All atoms contain electrons as a part of then constitution Of these 
they can ippaiently lose a certain number without iltciing then c hemic il 
identity, whilst in the ca^'e of ridioactne elements the loss of other sets 
changes them into different elements We shill doubtless be justified in the 
issumption that the sime law extends to all elements 

(2) There exist also positively chaiged nuclei issociited with the atomic 
mass, containing multiples of the fundamental eltctiic diirgc, ind the evidence 
tends to show tint the chemical natuie of the element is dcteimined by this 
multiple 

(3) In the case of a ceitiin numliei of substinces theio aie found associated 
magnetic doublets whose moments aie multiples ot a definite (luantitv, called 
by Weiss the magneton It appears legitimate to suppose tliat the same 
phenomenon mav exist in othei elements, though whetliei the magneton has an 
independent existence oi is a consequence of electronic motion is an open qiies 
tion If the lattei, an cxphiiitioii of the multiple quality will have to be 
sought foi 

Any theory of atomic stiuctiue must, then, be a theoiv of the w^ay in which 
the atom is built up of these fundamental quantities ^^o fai theie aie two 
types (1) Thomson’s theoiy of an extended positive inn lens within which the. 
electrons revolve in Satuiniin systems, (2) Ruthci ford’s theory of an extremely 
small nucleus with electrons in planetary or Satuinnn orbits Neither of them, 
however, has shown the slightest aptitude m explaining the senes liws of 
spectra The actual structure must be a much more complicated one than is 
assumed in either Unfoitunately the complete mathematical tieatment of the 
simplest case is one of extreme difficulty We mav, howevei, I believe, make 
one very important first step, viz , as to the direction in which to look fci the 
source of the energy emitted in spectral radiations This eneigy may arise 
either from small vibrations about a stible state or from change from one 
stable state to another In both cases the stable stites must be such as to 
lose no eneigy, and must theiefore be in static equilibiium, or their relative 
motions must be such as to pioduce no change in an external field relative to 
itself — such as, for instance, a chaiged sphere moving with uniform velocity 
In the first case the energy would be made up of extremely small amounts from 
all the atoms, and an inciease in intensity would be due to increased amph 
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tudes In the second case it is made up by relatively large amounts from a 
proportion only of the systems, and an increase would be due to a larger 
proportion of atoms changing from one system to another In the first case^ 
although the constancy of period follows as a matter of course, it is difficult 
to see how the conditions of Planck’s quanta can be met, and that the ideas 
lying at the base of his theory are well founded there can be little doubt 
In the second case the energy for each line is transferred in the same amount, 
and the constancy ot the fiequency follows at once from Planck’s theory 
These general considerations seem to point to the conclusion that the cause of 
spectral emission is change from one configuration to another of less internal 
energy But there is experimental evidence pointing in the same direction 
Stark has shown that the senes lines in a spectrum are due to molecules which 
have lost one or more electrons For instance, doublet series are due to 
molecules which have lost one electron, triplets two, &c , and we should there 
fore expect the energy emitted to be given out by their recombination to the 
neutral state Since in geneial the larger proportion of spectral lines — both 
arc and spirk — are either senes or seem to be closely related to series lines, it 
would appear that change of state is one of the chief causes of radiation 

A further consideration pointing in the same direction is afforded by the 
fact that the formulae to which senes lines conform give the frequency itself, 
and not the squaie of the frequency, which latter is alwti>s the case when the 
forces of displicement are proportional to the displ icements themselves As 
Rayleigh has pointed out, the foimer case icquires foices pioportional to the 
velocities, and hence suggests motion in magnetic fields Now we know these 
fields exist, and as a fact the only theory which leproduccs Rydberg’s formulnp 
IS that of Ritz, depending only on mignetic fields TJnfortun itely electrostatic 
fields exist and must be taken account of If we could conceive of shells of 
constant magnetic foico pioduced by electric charges moving in such a way 
that the electric foices between the moving charges themselves are annulled, we 
should have made a fust step towards forming a basis of a satisfactory theoij 
That such motions are possible is rendered piobable from consideration of 
Maxwells classical case of two uniformly charged parallel plates moving 
piiallel to one anothei with the velocity of light The gieat desideratum in 
the present state of the question is, not attempts at forming a complete theory, 
but mathematical discussions of as many simple cases as possible, in order to 
obtain a cleaiei comprehension of whit such systems miy be expected to 
explain From this point of view the lecent most suggestive papei of Conw ly 
on ‘ An Electromagnetic Hypothesis as to the Oiigin of Series Spectra ’ * is of tlie 
gieatest value We want more of a similar nature 

Whilst, however, in all probability the greater poition of a spectrum is due 
to changes of configuration, it does not necessaiily follow that lines related to 
the scries are the only ones emitted In fact, the high fiequency vibritions 
discovered bv Barkla and measured quite recently by Moseley are cleirly a case 
in point Nicholson has determined recently the frequencies of small oscilla 
tion of electrons revolving round positively charged nuclei on the bisis of the 
Rutherford theory More especially he finds that the sets of lines obseived in 
the corona and in nebule fit in very exactly for elements in which the nuclear 
charges are respectively 4 and 5, and the lines are due to neutral atoms 
and also to atoms which have lost or gained one or two or more electrons The 
agreements are so close and so numerous as to leave little doubt of the general 
correctness of the theory But the lines are certainly not connected in any wav 
with the series type of line Their appearance is probably due to the vast 
number of atoms in the corona and riebulnp in the line of sight all emitting 
vibrations, whilst the absence of the senes type may be due to the rarefaction 
of the gas causing comparatively few changes from one configuration to another 
Nicholson’s theory stands alone as a first satisfartoiy theorv of one type of 
spectra Unfortunately this type contains so few examples that if they exist in 
other elements they have not been noticed It affords considerable evidence 
that Rutherford’s theory approximates to the actual case when the nuclear 
charge is a small multiple of the fundamental charge Several attempts have 

* Phil Mag xxvi p 1010, December 1933, 
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been made to apply Planck’s theory of radiation to the explanation of the laws 
of spectra The most ingenious and suggestive is that of Bohr It is based on 
the Rutherford atom, but throws no further light on the structure of the atom 
itself, as the mechanism of radiation is totally unexplained, and it is this 
which we are in search of The most remarkable result is the derivation of the 
value of Rydberg’s constant from known electric constants, and Planck’s con 
stant This result has certainly caught the scientific imagination, and one feels 
convinced, especially on a first reading of his paper, that there is some truth 
at the bottom of his theory But Lindemann has pointed out, by consideration 
of dimensions, that a large number of theories would give values in which the 
various constants enter in the same way In Bohr’s theory the exactness of the 
numerical relation depends on an apparently arbitrary assumption as to the 
frequency of the energy emitted when an electron is combined It is true that 
later he attempts to justify this by making his formula conform to certain 
observed properties of series But with the introduction of this his value of 
Rydberg’s constant ceases to be a direct deduction from his theory Moreover, 
in doing so he assumes the frequency of an electron to be proportional to its 
angular velocity, which can only be the case for one electron — t c , for an atom 
built on a planetary system, and not on a Saturnian, as is his Nicholson has 
recently criticised the theory on other grounds, and as he is to take part in the 
discussion I will leave this point to him irom the spectral point of view the 
weightiest objection would seem to be that it is capable only of giving a 
foimula of the Balmer type — which holds for hydrogen alone In the best 

known series tjpes, the P, S, and D depend on formul-e of the t^pe A — ^^ 

The /i depend on atomic constants, and are always consideiable for elements of 
large atomic weight As the atomic weight diminishes we get the following 
general changes — In P, fj. decreases to 1 , in D it increases to 1 , in S it 
approaches the value 5 In other words, foi P and D the foimulne approach a 
Balmer type For H it is indistinguishable from Balmei’s For He, though 
approaching Balmer’s, it is decisively not 1 As a fict, Bohi’s theory does 
not represent any of the six known senes of He, but he postulites that certain 
lines hitherto allotted to H belong really to He Moreover, he supposes He to 
have 2 electrons, whereas, as I have attempted to show above, the number 
IS more probably 4 Fowler has recently piesented a paper to the Royal 
Society in which he supports Bohr’s allocation on observational grounds, but as 
it IS not yet (August) published it is not possible to weigh the evidence In 
concluding, I should like to say that although I have criticised ceitain parts of 
Bohr’s theory adveisely, no one can admire more its ingenuity and great 
suggestiveness 

Mr H G J Moseley explained the results of his classification of elements 
by their X ray spectia The frequency of the principal line in the X ny 
spectrum is lepresented veiy closely by the formula 

7i=K (N-B) 


where K and B are constants, and N an integei increasing by a unit as we pass 
from element to element up the periodic table If we take this atomic number 
N as ordinate, and the squaie root of the principal fiequency as abscissa, the 
difterent elements will therefoie give points lying approximately on a straight 
line The secondary frequencies will at the same time give points on other 
straight lines The order of the elements determined by N is nearly that of 
increasing atomic weight, there are one or two exceptions, and in such cases the 
order given by N, and not the atomic weight, is evidently the correct older cor 
responding to chemical properties For example, the atomic weight gives the 
order Cl, K, A, whereas the X ray frequency gives the ordei Cl, A, K The 
latter is the order required by the periodic table There are between aluminium 
and gold four missing elements, mdicated by the double jump of N required to 
make the formula fit These correspond generally to gaps indicated also by the 
periodic law 

Professor Nicholson I prefei not to introduce new difficulties, which would 
only make the discussion too long, and will therefoie confine my lemaiks to 
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those points on. which my opinion has been invited by Piofessor Hicks 
Firstly, with regard to Bohr’s theory, such criticisms as I have made are in the 
main mathematical, and therefore unsuitable for a joint discussion between 
physicists and chemists But I can give a statement of the present position 
of the theory as it appears to me When Bohr’s theory is applied to a single 
nucleus of strength e or 2c, with a single rotating electron, it is lemarkably 
successful in its deduction of the hydrogen series spectrum and of the Pickering 
series which it ascribes to helium Its most sti iking success is, I think, not 
the verj accurate deduction of the universal constant of spectra, but its appli 
cation by Professor howler in his Bakeiian lectuie to a determination of the 
mass of an electron, on the supposition that the Pickering senes comes from 
helium The accuracy of this value cannot be ignored But analysis shows 
that it is quite impossible to go further, and to derive the usual helium 
spectrum I mean that in ordei to do so we must abandon at least one of 
Bohr’s premises which is vital to the deduction of the hydrogen formula 
This fact is capable of rigorous demonstration, as is also the fact that, under 
the \pverse squaie law, which Sir Ernest Rutherford has shown expei imentally 
to be valid, Rydberg’s constant is not a feature of more complex atoms on this 
theory 

Theie is also an expei imental difBcultv Whatever its origin, the Pickering 
•senes should be accompanied by an ultia violet one in the Schumann region 
This series has been found by Piofessor Lyman in the hydrogen spectrum, 
whereas helium appears to have no Schumann spectrum Professor Lyman is 
repeating these experiments, in view of their import ince, but the balance of 
experimental evidence is against Bohr’s theory at present 

I am inclined to agree with Mr Moseley that my nebular and coional 
elements may not be chemical elements in the ordinary sense This opinion, 
that they are sub elements, or bases of ordinary elements, will be found in my 
papers Bourget, Buisson, and Fabiy’s experiments, described in the 
‘ Comptes Rendus,’ show that these substances hive the atomic weights which 
1 calculated theoretically from their spectra, so that their existence appeals 
to be real Moreover, as in my papers, oidmary elements with seiics specti i 
can apparently only be foimed from them by an alteration in the nucleus which 
does not affect its total charge Evidence is accumulating to show that the 
nuclear structure may play an impoitant part in series spectra, and theiefoie 
I am not inclined to agiee with Professor Rutherford that the nut leas of a 
hydrogen atom is necessarily the positive electron It seems to be more 
complicated But with eveiything else in his admirable opening address I 
must express a general agieement I must finally agree with Mr Moseley that 
any ultimate atomic theory must involve Planck’s h In my own papers this 
was regarded as an angular momentum, as subsequently also by Bohr The 
necessity for it is easily seen For we only have one dvnamical relation between 
the radius of the atom and the angular velocity of its electrons Without 
the introduction of some new universal constant such as h no atom has any 
thing in its nature which compels a definite size, and definite unchanging 
properties 

Professor H BASbErri said that, as the number of elements which came 
before neon seemed of considerable impoitance in connection with the 
theoretical tieatment of the constitution of the atom, it might be worth while 
considering whether the periodic law gave any hints on the matter It was 
well known that Lothar Meyer’s atomic volume curve clearly demonstrated 
that, although the properties of the elements w^ere periodic functions of then 
atomic weights, the periodicity was not of such a simple chaiacter as at first 
supposed by Newlands Leaving out hydrogen for the moment, it was found 
that there were two short periods of eight elements each, beginning with neon 
and argon, and ending with fluorine and chlorine respectively, followed by two 
long periods of 18 elements — that was to say, of (2x8) +2 elements These two 
long periods were followed by one very much longer period and a portion of a 
second Unfortunately this very long period was so far incompletely known, 
and it was not certain how many elements it contained, but this much could 
be said, namely, that it contained approximately twice as many elements as 
one of the long periods, and possibly 38 elements, which would be (2x18)4-2 
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elements Now, going back to the region in which hydrogen was situated, one 
was tempted to suggest that this gas was the only known lepresentative of an 
extra short period of three elements Doubling this number and adding two 
one obtained eight— the number of elements in each of the known short periods 
Doubling eight and adding two one obtained eighteen -the num^r of elements 
in each of the long periods, and so on Although such treatment of the matter 
might appear like playing with figures, it seemed to the speaker of some interest 

Professor Kerb Gbant summarised the difficulty as to the stability of a 
system consisting of one nucleus and one electron It was difficult, too, to 
account for the non magnetic character of the hydrogen atom with this struc 
ture Magnetism, howe^^er, depended probably more on molecular than on 
atomic structure 

Sir E Rutherford (replying) said that the chemical inseparability of certain 
isotopes was, indeed, derived from experiments with small quantities, but the 
methods used were very delicate The separation of Radium D from lead was 
a most important problem, theie seems evidence that different leads exist, 
having different atomic weights The difficulty of stability is common to all 
theories of the atom , but what it points to is that there is something wrong 
with the theory of electromagnetic radiation — not of the atom 


The following Paper was then read — 

On Saltb coloured hy Cathode Rays By Piofessoi E Ooidstitn 
Soe Eopoits, p 


The following Papers were read in Section A. — 

1 Note on the Magneton as a Scattering Agent of a and P Paiixcle^ 
By Professor W M Hicks, F R S 

Weiss has proved the existence of elementary magnetic magnets — or their 
equivalent — as a constituent of the atoms of matter These magnetons should 
act as very effective scatterers of a and P rays, but the mathematical difficulties 
of a complete discussion of the scattering by a single electron are probably 
extremely great The particular case where the electrons move in an equatorial 
plane of the magneton admits, however of a complete matheraitnil ‘solution, 
and may be useful as throwing some light on the nature of the scattering to be 
expected It is essentially a question of the orbits of charged particles coming 
from an infinite distance, and in the paper the nature and distribution of these 
are explained Incidentally also a theory of combined electrons appears 


2 Demonstration of a Mechanical Analogue of Wireless Telegraphic 
Circuits By Professoi T B liYi^r, F R S 

8 On the Thermal Conducihvity of Air By Piofos«?oi T PT Tj\by 

and E 0 iPrRFNs 


4 The Geneml Magnetic Survey of Australia Bj/ E Kidsov 
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WEDNESDAY, AUGUST 19 

Di^ctis^ton on Antarctic Meteoiology Opened hy G 0 Simpson, D Sc 

1 A brief resume was given of the general circulation in the atmosphere 
over the Southern Hemisphere as taught by 

(а) the text books 

(б) Dr Lockyer in his paper ‘ Southern Hemisphere Surface Air Circulation * 

(c) Professor Meinardus in his discussion ot the result of the ‘Gauss’ 

Antarctic Expedition 

Dr Lockyer suggests an intense anticyclone over the Antarctic Continent, 
from which cold air feeds into a series of large cyclones circulating the southern 
ocean and having their centres near to 60° S The cyclones are supposed to be 
so large that while their southern extremities sweep over the edge of the 
Antarctic Continent their northern extremities reach to latitude 40° S , and so 
dominate the weather of Tasmania and New Zealand, and to some extent that 
of South Australia 

Professor Meinardus’s scheme also includes a series of cyclones travelling 
from west to east over the southern ocean, but he gives strong reasons against 
the presence ot an inticvclone over the southern continent His chief objection 
to such an anticyclone is that anticyclonic conditions are accompanied by an 
excess of evaporation over precipitation , hence it would be impossible to account 
for the excess of precipitation which gives rise to the large glaciers and sno^^ 
fields which discharige the known large quantities of ice 

2 The simultaneous observations made at Cape Evans, Cape Adare, and 
Fiamhtim were then considered to investigate the processes which are at work 
in the Ross Sea area Diagrams showing the mean temperature distribution 
both hoiizontally and vertically weie examined, and the ciiives of barometric 
pressure and wind at the different stations compiled The chief con 
elusions of the iin estigatioii ire as follows The high south easterly winds— 
commonly cilled bli/zards — aie not caused by cyclones passing into the 
Ross Sea, but iie the result of the laige diffeiences of temperature 
which exist in the lower atmosphere over the Barrier and the Ross Sea The 
cloud observations show that an feeds into the Antarctic at high Ic'sols, and 
passes north again in the blizzards Meinardus’s objection that in such a 
circulation of air precipitation would not exceed the evaporation was shown 
not to hold, beciusc of the great cooling of the air due to ridiation The air 
while sinking loses so much heat by iidiation that, when forcibly made to rise 
in the blizzards, satuiation is reached at a much lower level than th it at which 
the an entered Thus anticyclonic conditions are consistent with an excess of 
piecipitation 

3 The existence of a belt of cyclones between the Antarctic Continent and 
Australia was then considered Curves on which barometer and wind obser 
vations made at the ‘ Gauss ’ w inter quaiters are plotted were shown From 
them it was seen that during the pissige of deep waves of pressure* there 
is practicilly no variation of the wind direction at tint station In most 
cases the wind blows a gale from the east both while the barometer falls rapidly 
ind while it makes an equilly ripid recovery At present it appears quite impos 
sible to leconcile the wind and barometer observations with any system of 
circulation of wind about a centre of low pressure moving from the west to the 
east Further the simultineous barometer observation*' at Melbourne, the Bluff 
(New Zealand), and Cipe Adare were examined without finding any certain 
indication of the same cyclone affecting the northern and southern stations 

4 The monthly departures from noimal of pressure at Cape Evans were 
compared with corresponding values for stations in Australasia, and an important 
negitne correlation was found 

5 In conclusion the importance of a permanent meteorological station on 
the Antarctic Continent was urged 


The following Report and Pipers were then read — 

] Heport of the Sei^moloqical Committee — Ree Hepoits, p 41 
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2 On the Change of Thermal Conductivity during the Liquefaction of 
a Metal By Professor A W Porter, F R S y and F Simeon 


3 Experiments on Khe ict>ve Deposit of Radium By E Welliscii 


Sydney 

FRIDAY, ALGUST 21 
The following Papers were lead — 

1 The Origin and Nature of they Rays from Radium By Professor 
Sir E Eutherford, F R S 


2 The Distribution in Space of the Stars near Gie North Pole 
By Dr F Dyson, F R S 


3 The fiction of the Juice of Euphorbid peplus on a Photographic 
Plate By J M Peirid aiJcZ 11 G Cii\pmvn 

The dried milky juice of IJuphotbia ptylus icts on a sensitive plmtograpliic 

plate in the dark If a photographic plate, beparated by a space of 3 mm , is 

exposed for touiteen days to the dried juice spread m the foim of letteis on 

glass, sharp images of the letters appear as positive impressions on the plate on 
development in the ordinary way laint images are formed by exposures foi 
such short peiiods as twenty four hours, and deeper impressions, but still sharp 
and well defined, by exposures up to thirty one da> s The impressions on the 
plate are moie marked when the separation is diminished to 1 mm , and no 
impression appears when the separation is inci cased to 12 mm The images are 
characteristically well defined, though there is slight diffusion around each lettei 
If a piece of black paper, impervious to light be inserted between the letters 
and the plate, the imiges appear as well defined as when the paper is absent 
The intervention of pai affined tissue paper fills to prevent the appeirance of the 
image on the plate Images are seen when thin aluminium foil and gold leaf are 
used to separate the plate from the letters The impression can be obtained 
through thin sheet glass When a strong current of an is passed between the 
letters and the plate during the exposure, the image appears shiip and no 
evidence of diffusion m the diiection of the cuirent can be made out 

On examining the dried juice with a sulphide screen no scintillation of 
particles can be seen On testing the dried juice in a gold leaf electroscope 
theie IS no apparent increase in the rate of discharge of ionised gases With a 
sensitive electrometei no action of the dried juice on ionised air could be 
detected 

On heating the diied juict, the photogiapluc action is not diminished aftei 
several hours* heating to 200° C When charted to a bhek mass the juice has a 
diminished action on the plate, and when incinei ited to a white ij>h the ash 
letains a feeble action 

This photogiaphic action has been noted with all spcciineiib of Euphorhin 
peplus examined by us fiom many localities, oome at leist i hundied miles ipait 
The dried juice retains its action unchanged, so that tlie oiiginal sample, diied 
and mounted five years ago, is as active as evei • 

The juices of many othei species of Euphorbia, and of othei plints with 
similai latex bearing tubes, have no comparable action on the photogriphic phto 


4 Photo electric Effect in Selenium ByPiofessoi O U VoN^\ILLER 
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5 The Piessiiie upon the Poles of a Carbon Arc By Piofessor 
W G Duffield 


6 The AHractions of Ellipsoidal She'^h 
By Professor A Gray, F R S 


MONDiY, AUGUST 24 

The following Pipeis ind Repoits weie read — 

1 Disconlinnilies m Meteorological Phenomena By Piofessor 
H H Turner, F R S 

2 'Ihe Ohlale Shape of the Stellar System By Piolcsboi A S 
Eddinoion, F R S 

3 An Absolute DticrminaLwn of the Thermal ( onductivity of Air 
By Fj 0 IIcrens and T IT Tj\by 

4 Ihe JSlatu o of y Rays By T 11 and W Siiuii 

5 Length and Lleetrual Resistance of Steel 'tapes By T II L\b\ 

and G E Adams 

6 A Map of the Principal Earthquake Origins of the S W Pacific 

By G TToctBEN 

7 Report on the Investigation of ihe I pper Atmosphere — Sec 

Eepoits, p 69 


8 Report on Hhe International Tables of Physical and Chemical 

Constants 


9 Report on the Calculation of Ma heniatual Tables — Sec Eepoits, 

p 7o 

10 Report on the Disposal of Copies of the Binary Canon — See 

Eepoits, p 102 


11 Interim Report on Rad lotel eg rapine Iniesligations — See Eepoits, 

p 70 
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TVEiiDAl, AVGUST 25 

Joint Meeting with Section G (Engineering) 

Discussion on Wireless Telegraphy Opened hy 
Sii Olivfr TjOdgi , F R S 


The folloNMiig Papcis v^ere then read in Section A - 

1 Some Measurements of the Wave length in [ir of Electncal I ibra- 
Hons associated with \i 'linn Straight Jerminated Hod Eg 
Piofessoi J A Pollock 

2 High Frequency Spectia By ll Cl T JMosllj y 


J On the Scattering of Light hy Smalt and Large Particles of 
Conducting and Non conducting Substances Eg Piofossoi 
Alired W Pori I r, F R S , and E \rBoi Irakis, E Sc 

The work summarised heiem is a cuntmuation of an investig ition by Portci 
and Keen ^ on the diffraction of light by pai tides compaiable with the wave 
length In that work the scattering was produced b> a sulphur suspension, and 
observations were restricted to the transmitted light In the present papei the 
degree of polarisation has been detei mined (by means of a double image pi ism 
and nicol) for the light scattered in different directions, and suspensions of 
siher and coppei have been investigated as well as suspensions of sulphur The 
metallic suspensions weie made by the method of Pieroni/ which we have found 
to give stable suspensions 

The results for sulphur pirticles show a good geneial agreement with the 
theoretical values calculated by Lord Rayleigh,® but exict compiiison is not 
possible owing to the difficultv of determining the si/e of the particles In the 
case of the silver particles comparison with theoiy is easier, because the total 
amount of siher present can be so readily determined chemically, the number 
of paiticles pel unit volume can be counted, and thence then size can be 
cilculated Measurements of the size weie also made bv Peiiins method, i e , 
by counting the numbei of paiticles in each ot two laveis a small veiticil 
distance apait, and attributing the difference (as in an atmospheie of gas) to 
the total weight of paiticles in the intei veiling space Both methods gi\e 
practicilly the same results 

Complete curves have been obtained foi the pol ms ition foi diffeient sized 
paiticles in diffeient directions Mention will be made heie only of the diiection 
ot maximum polarisation for silver suspensions for light of wave length 550/1/4 
This IS shown in the following table — 


Diametei of paiticles ' 

Diicction of max 


Relative elective 

polaiisation 


conductivity 


80 

90® 


• — • 

98 

90° 


2 9b 

108 

98° 3b 


3 70 

131 

109® 54' 


4 12 

164 

113° 3b' 

, 

— 

310 

1 10^ 30' 

1 

— 


1 Proc Roy Soc A, Vol 89, 1914 
a (?a«e«a, 48(1), 197(1913) 

® Proc Roy Soc A, Vol 84, 25(1910) 

1914 X 
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According to J J Thomson/ the direction of maximum polirisation for 
perfectly conducting particles should make 120° with the incident light From 
the above table it appears that foi very small particles this angle is 90°, as it 
would be for dielectn< particles (a fact which we find was previously observed 
by Professor R Thiel tall '), but that it increases as the diameter ot the particle 
increases to a value above the theoretical limit 

Measurements weie also made of the electrical conductivitv of the sus 
pensions Since the average distance between the particles was about 100 times 
their diameter, Maxwell’s theoiy of the conductivity of compound medii is 
applicable The conductivity was measured in e\eiy case for concentrations 
containing the same amount of silver and other bodies pei unit volume, but 
differing only in the si/e of the particles In these ciicumstances the con 
ductances should be the same unless there is a diffeiencc in the conductivity of 
the silvei particles It will be seen that the conductivity ot the mixture in 
creases as the particles me lease in size It would seem, theiefore, thit the 
anomalous behaviour ot the silver is due to a real change in lesistance with size, 
and IS not simply a consequence of the fact that Thomson’s thcorv is limited to 
the cases for which the conductivity is sufficiently large 

No numeiical calculation has previously been made loi large pai tides By 
transferring Thomson s equations so as to express the result in terms of the same 
t unctions which have been calculited by Lord Rayleigh for fiiily laigc values 
of the aigument, his work becomes available for the present pioblem, and one 
of us (F T P ) has calculated the degree of polaiisation of the light scitteied 

in different directions foi peifectly conducting particles for which ^ 

A 

= unity, when X = wive length of the light Ihc maximum polarisation coire 
spends to an angle ioi about 108° The value indicated by oui experiments 
lies between 110° and 120°, but furthei expeiiments are necessary to fix it moio 
exactly 

It IS not difficult to suggest a reason for the diminution of the conductivity 
VMth size Separated molecules, as in a vapoui, are peifectly nonconducting, 
we conclude that there are then no fiee elections Aggiegation of molecules 
of silver as in a solid gives rise to free electrons (and consequent conductivity) 
owing to the mutual iction of the molecules upon one mother In small particles 
the number of free electrons mav be proportionately less than foi silver in mass 

It must not be forgotten, however, that a colloid particle in its medium is 
sui rounded by a double layer consisting of polarised molecules ot the medium 
and it IS quite possible that it is this polarised layer of i dielectiic medium 
which modifies the optical properties of the silver 

4 On the ^ iscosihes ol ihc Halogens in llic (Uisiou'y Stale 
By A O R\nkini , D Sc 

In this paper various methods which have been used for measuring the 
viscosities of the vapours of Chlorine, Bromine, and Iodine at a number of 
different teinpeiatuies were described 

The relations between the viscosities of these three gases wtie discussed Ihe 
laws are similar to those which the author has previously shown to apply to 
the group of inert gases 

Department op Mathematics 

1 Symbolic Solution of Linear Partial Differential Equations of the 
Second Older By ^ ^ Chaundy, MA 

Statfment op Rfsuitr 

Take equation in form + a ^ + 72 r = 0, where a, jS, y denote functions 

oxoy ox oy 

Sa SS 

of X, y The invaiiants k are h ai3-7 = fe 

ox oy 

^ Recent Reaearchea in Electricity and Magnetiam, p 449 ^ Phil Ma^ , 1894 
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Introduce qymbolio operators A, 


h) 


= ( — - Ji)dxa + i 
r 

A^s(-J {h-k)dy^^^lc) 
y 

O =1+^A + { ^ A \* + 

y ^yy v« 2// 




Then a symbolic solution appears as 

L 

1 dx 




-f- 


Oy<l>{x) + e 


where 4>, are arbitrary functions of their arguments Here the arbitrary elements 
enter in an infinite series of their derivative 

We may deduce a form of solution in \\hich </>, »p enter in finite terms, namely — 


/-X pj 


di 


Applying these lesults to the equation S-z we obtain a solution 

.y 

z^\ (t>(t) J {{y - /)i] dt + j J ((i ~f)?/}dt f-C 
ivheieCis a constant and + 


2 Properties of Algehraic Nitinbeis Analogous to Cettain Propeihes of 
Algebraic Functions By Piofessoi J C Fields, F R8 

Suppose € to be a root of an integral algebraic equation f{x) — 0 of degree n in x 
and irreducible m the domain of the rational numbers Where p is a prime f(x) 
may, howevei, happen to be reducible in the domain of the p adic numbers As 
suming the number of the irreducible p adio factors to bo r we write f(x) =- /,(a;) 
/r(3;), where the coefficients of the powers of x in /,(a:), jAx) are p adic numWs 
Consider R(€) any rational function of € It may be wiitten as a polynomial 
of degree w-1 in € and satisfies an algebraic equation F (X) = 0, where wo have 
r(X) = F,(X) F,(X) The factois F,(X), F,(X) heie have padic 

coefficients and are co ordinated with the factors /,(a.), / (a?) of /(a?) The 

degrees of the factors /,(a;), also those of the factois F,(X), , 

F^(X) will be certain integers w, , respectively The constant terms in the 
factors F,(X), F,(X) we name the padic partial norma of R(€) The 

order numbers relative to p of the p adio partifd norms of R(c) divided bv n„ 
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nr respectively we call the orders of coincidence of R{€) with the p adio factors of 
the fundamental equation f(x) = 0 

The eoofficient of in the number R(e) we call its principal coefficient The 
oiders of coinoidence of such numbei relative to the prime p will be integral multiples 
of ceitain numbers l/v,, , l/i/,, where v,, , »», are factors of w,, , n, 

lespoctively Wo consider the aggregate of numbers R(€) possessing an assigned 
set of orders of coincidenee lelative to p The neeessary and sufficient condition 
that the principal coefficient in the aggregate be integial is that the assigned ordeis 
of coincuhncc havt a certain set of values This particular set of oiders of fo 
incidence defines adjointne^s relative to the prime p with itgard to the fundamental 
equation 

If we start out from a sufficiently geneial rational foim R(e) with its coefficienis 
represented in p adic form and impose on it the conditions leqiusite in Older that it 
may possess a ceitain set of oiders of coincidence relative to the prime p, these con 
ditions take the form of a succession of independent congruences relative to the 
prime p imposed on the coefficients of the poweis of p in the p adic coefficients of 
the poweis of € Wo find a foimula for the niimbei of these conditions We also 
a^ign sets of orders of coincidence r^<p\ rjr) coriespondmg to all piimcs 

Pf these oiders of Loincidenco being 0 with the exception of a finite numbei among 
them Such a system of oiders of coincidence wo call a basi9 of coincidences Wo 
define complementary ad)oint bases of (omctdences and derive the analogue of the 
complementaiy theoiem in the theoiy of the algebraic functions 


3 The Cheen\ Function for the Equation V“U + l^u = 0 
By Piofessoi H R Oahslaw 


4 The E volute of the Limagon 
By Piofessoi W PT H IIudsov, M A , LL M 

The equation of the Lima9on is taken in the form r = a (l-f-e cos d), a will be 
made 1, and the abbreviations used 1— c^~/, 1— 4c^ = Ar, g (l-f-e) / (1-f 2e) = c, 
c(l_e;/(l~2e) = c' 



The Lima9on is symmetrical about the x axis , so therefore is its e volute 

(1) When c = 0, the Lima 9 on is a circle , the e volute is a point, the centre of the 
circle 

(2) When J c> 0, the ovolute is a closed curve with four cusps pointing outwards 

These cusps are D,(e /, e^Vf), D'Mc /,— V/), C,(c,0), C', (c', 0) All four he on the 
circle c) (x—c') =0 As c increases, this at first star like figure grows larger, 

the total height approaches v'3/4 as e approaches J, the breadth (parallel to the 
X axis) increases indefinitely 

(3) When e = c' becomes oo, the height becomes ^/3/4 The cusp C' is at 
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infiiuty the other three he on the straight line x = 3/8, which may be ii gardcd as a 
circle of infinite radius , the x axis may be regarded as two coincident asymptotes 

(4) When 1 > e > J, there are two asymptotes making equal angles with the x axis 
As e increases fiom J to 1 the angle between the asymptotes moieases from 0° to 180®, 
their intersection, V, moves from (—oo, 0) to the ongin, the cusp C' precedes V 
from (-- 00 , 0) to (0, 0) , the distance D D' inci eases to a maximum 4 v'3/9 when 
e = %/(2/3), and then dwindles to 0 

(5) When c = 1, the Lima 9 on is a caidioid, the evolute is also a cardioid , it passes 
through the origin, its cusp C is at (2/3, 0) the three cusps C', D, B', coincident at 
the origin, become a simple point on the cardioid 

(6) When e> 1, the cusps D, D' have disappcaied, the cusps C, C' point inwards, 
the curve is closed, the shape of the curve does not change much as c increases, the 
distance C C' diminishes fiom 2/3 to J, the total height (parallel to they axis) increases 
from ^73/2 to 1, the breadth, now less than the height, diminishes from 3/4 to 1/ ^2 

(7) When e~ao, the evolute is altogether at infinity, the difference c—c' is 
found to be finite and equal to J, likewise the height, 1 , the breadth, 1/ -^2 , the position 
of the^breadth, {/ \^2, above and below C O' enable an illustrative figure to be drawn 
It IS symmetrical about its cential oidinate 

Diagrams are given to illustrate these cases, except (1), which needs no diagram 

(2) e~ 3, the star elongated 

(3) e = i, with three cusps m a straight line 

(4) c = J n/J, with the four cusps at the corners of i sqii vie 

(5) e = 1, where three cusps aie hidden in one point 

(6) e = 2, the evolute of the 1 iisectnx 

(7) c = 00 , with double symmetr} 



The equation of the evolute is 

At* I i/^-i-(x—c) (x—c') I ^+27cV (y^+a;*— c ax)^ = 0 


5 On Ihe Algebraic Theory of Moduhu Sijblenis (or Modules of 
Polynomials) By ¥ S Mac\ulay, M A 

The theory of modules of polynomials is still only in its infancy, ilthough 
it may claim an ago of 135 yeais, its oiigiii dating from the *Theorie 
G4n6iale des Equations Algebiiques,’ pai M Bezout, de rAeademie lloyalo dcs 
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Sciences, m dcc lxxix Its status and importance were made appaient by 
Kronecker’s theory ot Divisor Systems 

The central problem (of which no satisfactory solution has yet been given) 
IS to find one or several ways of expressing the complete conditions that a 
polynomial F must satisfy in order that it may be capable of taking the form 

F = XiFi + X,Fa+ +XikF*, 

where Fj, F^, , Fjfc are given polynomials (in general non homogeneous) in 

n variables and Xj, X^, , Xi are any polynomials in the 

sime variables, not given The whole system of polynomials F is called a 

module (of polynomials), and is regarded as a single entity or class, and is 

symbolised by a letter M Each F is called a memhei of M, and the set of 

polynomials F,, F^,, , F* is called a haaia of M 

A module M is considered from its two conjugate aspects, viz (i) its content 
as lepresented by its members, and (ii) its content as represented by its modular 
equations, t e , the linear equations which are identically satisfied by the 
coefficients of each and every member F of M (ii) has received little attention 
hitherto Either (i) or (ii) gives a complete representation of the module, but 
the difficulty is to obtain (ii) from (i) and vice versa In combination (i) and (ii) 
give a very complete view of a module and afford together a simple answer to 
moht general questions Thus the members of the G C M of any number of 
modules consist of all the members of all the modules the modular equations 
of tlie L C M of any numbei of modules consist of all the modular equations 
of all the modules, the members of the product MM' of two modules M and 
can be obtained at once from the members of M and M', and the modular 
equations of a residual M/M' can be obtained at once from the modular 
equations of M and the members of M' 

The most important types of modules were considered, these aie the unmixed 
module, prime module (corresponding to a prime number in arithmetic), piimary 
module (corresponding to a power of a prime in aiithmetic), simple moclule (that 
IS, a module containing one point only), module of the principal class, perfect 
module, and closed module The method of obtaining the modular equations 
from a basis of the module is discussed, and also the itsoliilion of a module 
into pnmny modules 

6 I Thponj of Doiihle Points Bii ¥ S AI\c\ilv\, M I 


FItl/) il , \h(n ST 22 

Professoi E W Brown, I B b , Vue Picsidcnt of the Scttion delivered the 
following Addiess ~ 

To one who has spent many >eais o\ei the solution of a pioblem which is 
somewhat isolated from the more general questions of his subject, it is a satisfac 
tion to have this opportunity for presenting the problem as a whole instead of in 
the piecemeal fashion which is necessary when theie are many separate featuies 
to be worked out In doing so, I shall try to avoid the moie technical details of 
my subject as well as the temptation to enter into closely reasoned arguments, 
confining myself mainly to the results which have been obtained and to the 
conclusions which may be drawn from them 

In setting forth the present status of the problem, another side of it gives one 
a sense of pleasure When a comparison between the work of the lunar theorist 
and that of the observer has to be made, it is necessary to take into consideration 
the facts and results obtained by astronomers for purposes not directly connected 
with the moon the motions of the earth and planets, the position of the observer, 
the accuracy of star catalogues, the errors of the instruments used for the 
measurement of the places of celestial objects, the personality of the observers — 
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all these have to be consideied , in fact, almost every one of the departments of 
the astronomy of position must be drawn upon to furnish necessary data The 
time has now arrived when it may perhaps be possible to repay in some measure 
the debt thus contracted by furnishing to the astronomer, and perhaps also to the 
student of geodesy and, if I may coin a word, of selenodesy, some results which 
can be deduced more accurately from a study ot the moon’s motion than in any 
other way A long continued exploration with few companions which ultimately 
leads to territories where other workers have already blazed paths gives the 
impression of having emerged from the thick jungle into open country The 
explorer can once more join forces with his brother astronomers He can 
judge his own lesults more justly and have them judged by others If, 
then, an excuse be needed for overstepping the limits which seem, by silent 
consent, to have been imposed on those who devote themselves to lunar problems, 
it consists in a desire to show that these limits are not necessary and that a study 
of the motion of the moon can be of value and can contribute its share to the 
common funds of astronomy 

The history of the motion of the moon has been for more than two centuries 
a struggle between the theorists and the obser\eis Evei since the publication 
of the ‘ Principia ’ and the enunci ition of the law of gravitation by Isaac 
Newton, a constant effort has been maintained to prove that the moon, like the 
other bodies of the solar system, obeyed this law to its farthest consequences 
While the theoiy wis being adv iiiced, the observers were continually improving 
then instiuments and then methods of observing, with the additional advantage 
that then eftoits had a cumulative effect the longer the time co\eied by then 
observations, the more exact was the knowledge obtained The theorist lacked 
the latter idvantage if he started anew he could only use the bettei instru 
merits for inalysis provided by the mathematician He was always trying to 
forge a plate of armour which the oboerver with a glm whose power was increas 
mg with the time could not penetiate In the struggle the victory larely failed 
to rest v\ith the observer Within the last decade we theorists have made 
another attempt to forgo a new plate out of the old materials , whether we have 
substanti illy gained the victory must rest partly on the evidence I have to place 
before you to d ly and pirtly on whit the observei c in produce in the near future 

There are three well dehned periods in the history of the subject as f n as a 
complete development of the moon’s motion is concerned Irom the publication 
of the ‘Prmcipia’ in 1687, when Newton liid down the bio id outlines, until the 
middle of the eighteenth century, but little progress was made It seems to have 
required ovei half a century for analysis by symbols fo adv nice sufficiently far 
foi extensive applications to the problems of celestial mechanics Clairaut and 
d Alembert both succeeded in rescuing the problem from the geometiical form 
into which Newton had cast it and in reducing it to analysis by the methods of 
the calculus They were followed by Leonard Euler, who in my opinion is the 
greatest of all the successois of Isaac Newton as a lunar theorist He initiated 
practically every method which has been used since his time, and his criticisms 
show that he had a good insight into their relative advantages A long roll of 
names follows in this period It was closed by the publication of the theories of 
Delaunay and Hansen and the tables of the latter, shortly after the middle of 
the nineteenth century From then to the end of the century the published 
memoirs deal with special parts of the theory or with its more general aspects, 
but no complete development appeared which could supersede the results of 
Hansen 

My own theory, which was completed a few years ago, is rather the fulfilment 
to the utmost of the ideas of others than a new mode of finding the moon’s 
motion Its object was severely practical — to find in the most accurate way and 
by the shortest path the complete effect of the law of gravitation applied to the 
moon It IS a development of Hill’s classic memoir of 1877 Hill in his turn 
was indebted to some extent to Euler His indebtedness would have been 
greater had he been aware of a little known paper of the latter, * Sur la Variation 
de la Lune,’ in which the orbit, now called the variation orbit, is obtained, and 
its advantages set forth in the words * Quelque chimerique cette question j’ose 
assurer que, si Ton reussissoit a en trouver une »iolution parfaite on ne trouveroit 
presque plus de difficulte pour determiner le vrai mouvement de la Lune r^elle 
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Cette question est done de la derniere importance et il sera ton jours bon d*en 
approfondir toutes les diffifultes, ivint qu’on en puisse espeier une solution 
complete ’ 

In the final results of my work the development aims to include the gravita 
tional action of every particle of matter which can have a sensible effect on the 
moon’s motion, so that any differences which appear between theory and observa 
tion may not be set down to want ot accuracy in the completeness with which 
the theory is carried out Every known foice capable of calculation is included 

So much for the theory Gravitation, however, is only a law of force we 
need the initial position, speed, iiid direction of motion To get this with 
sufficient accuracy no single set of observations will serve, the new theory must 
be compared with as great i numbei of these as possible To do this directly 
tiom the theory is far too long a task, and, moreover, it is not necessary In the 
past every observation has been compared with the pi ice shown m the ‘ Nautical 
Almanac’ and the small difference© between them have been recorded from day 
to diy By taking many of these diffeiences -^nd reducing them so as to 
correspond with differences it one date, the yiosition of the moon at that date 
cm be found with far greatei icciirny than could be obtained through any one 
obseivation At the Greenwich Obspivatoiy the moon has been observed and 
recorded regulaily since 1750 With •jome 120 observations a >eir, there are 
about 20,0(X) available tor compaiison, quite ipirt fiom shortei series at other 
observatories Unfortunately these obseivitions are (ompaied with incorrect 
theories, and, in the early dajs, the obstivtrs weie not able to find out, with the 
iccuiacy required to d ly, the eirois ot their instiument-) or the pi ices of the 
stars with which the moon was cornpaiecl But we have meins ot correcting the 
observations, so that they can be fieed fiom many of the errors present in the 
results which were published at the time the obseivations were made We can 
ilso correct the older theories They can be ( ompaied with the new theoiy and 
the differences calculitcd these differences need not even be applied to the 
separate observations but only to the obseivations combined into piopeily chosen 
groups Thus the 1 iboui involved m making use of the earlier obseivitions is 
much less than might appeal at first sight 

For the past eighteen months 1 hive been engaged in this vvoik of finding the 
differences between the old theoiies ind my own as well as in coii citing those 
observations which weie made it times befoie the lesourcos of the astionomer 
had reached then present stage of peifection 1 have not dealt with the observa 
tions from the start othei workeis, notably Any in the last centuiv and Cowell 
in this, have done the greater pait of the laboin Aly shaie was mainly to 
cany theirs a stage tuithci by adopting the latest theory and the best modern 
practice foi the reduction of the obseivations In this w ly a much closei agree 
ment between theoiy and obseivation has been obtained, and the initial position 
and velocity of the moon at a given ditc aie now known with an accuracy com 
parable with that of the theory T shill shortlv return to thiss pioblem and 
exhibit this degree ot iccui icy bv means of some diigiam*! which will be thrown 
on the scieen 

I have spoken of the deteimination of these initiil values as if it con 
stituted a pioblem separate fiom the theoiv Theou tically it is so, but piac 
tically the two must go togethei The increase in accuiacv of the theoiv 
has gone on successivelv with inciease in accuraev of the deteimination of 
these constants We do not find, with a new theoiv, the new constants from 
the stait, but collections to the pieviouslv adopted values of these constants 
In fact, all the problems of which I am talking are so much intti related that 
it IS only jiistifiible to sepai ite them toi the purposes of exposition 

Let us suppose that the theoiv and these constants have been found in 
numerical form, so that the position of the moon is shown bv means of 
expressions which contiin nothing unknown but the time To find the moon s 
place at any date we have then onlv to iiiseit that date and to peifoim the 
necessary numerical calculations This is not done diiectlv, on account of the 
labour involved What aie known is ‘Tables of the Moon’s Motion* are 
formed These tables constitute an intei mediate step between the theory and 
the positions of the moon which are punted in the ‘ Nautical Almanac * 
Then sole use and necessity is the abbreviation of the vvoik of calculation 
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required to predict the moon’s place from the theoretical values which have 
been found For this reason, the pioblem of producing efficient tables is not 
properly scientific it is mainly economic Neveitheless, I have found it 
as interesting and absorbing as any problem which involves masses of calcula 
tion IS to those who aie natuiallv fond of dealing with arithmetical work 
My chief assistant, Mr H B Hedrick, has employed his valuable experi- 
ence in helping me to devise new ways of ai ranging the tables and making 
them simple foi use 

A table is mainly a device by which calculations which are continually 
recuiiing are performed once foi all time, so that those who need to make 
such calculations can lead off the icsults fiom the table Tn the case of the 
moon, the tables go m pans Each term in the moon’s motion depends on an 
angle, and this angle depends on the date One table gives the value of the 
angle at any date (a veiy little calculation enables the computei to find this), 
and the second table gives the \alue of the teim foi that angle As the 
same angles are continually reclining, the second table will serve for all time 

We*, can, howe\ei, do bettei than construct one table foi each teim The 
same angle can be made to seivc for sevcial tciins and consequently one table 
may be constiucted so as to include all of them In othei words, instead 
of looking out five numbeis foi five separate teims, the computer looks out 
one numbei which gives him the sum of the fi\e teims The moie terms 

we can put into a single tible the kss woik foi the astionomei who wants 

the place of the moon, and theiefoie the moie efficient the tables A still 
better device is a single table which depends on two angles, known as a 
double entry table, many more teims can usually be included m this than in a 

single entrv table The doubb inteipolation on each such table is avoided 

by having one angle the same for many double eiitiv tables and inti ipolating 
for that angle on the sum of the numbeis extiacted fiom the tables 

The problem of fitting the teims into the smallest numbei of tables is a 
pioblem in combinations — something like a mixture of i game at chess and a 
picture puzzle, but unlike the 1 ittei in the fact that the intention is to produce 
ease and simplicitv instead of difficulty This woik of iiiangement is now 
completed and, m fact, ibout li\e sixths of the calculations ntcessaiv to form 
the tables aie done, o\ei one thud of the copy is leadv foi the inintei, 
but, owing to the large mass of the matter, it will tike fiom two to three 
years to put it thiough the pi ess The cost of peifoiming the c ikulations 
ind punting the woik his bttn nut fioni i fund specnllv set isidc foi the 
purpose by Yale Umveisity 

A few stitistus will peril ips give in idt i of oiii work Hansen his 
300 terms in his thiee co oidinates, ind these aie so grouped that about a 
hundred tables aie used in finding a complete plact of the moon We have 
included over 1,000 terms in about 120 tables so that theie au on the a\crage 
about eight teims pei table [In one of oui tables we ha\e been able to 
include no less than foi tv teims] Eich table is made as extensive as possible 
in order that the interpolations — the bane of all such calculations — shall be 
easy The great majoiitv of them involve miiltipln ations bv numbeis le‘«s 
than 100 There are less than ten tables whiih will involve multiplications by 
numbers between 100 and 1,000 and none gi eater than the htter number The 
computer who is set to work to find the longitude, latitude, and paiallax of the 
moon will not need a table of logaiithms fiom the beginning to the end of 
his work The reason for this is that all multiplications by three figuies or 
less can be done by Crelle’s well known tables oi by a computing machine 
But Mr Hedrick has devised a table for inteipolation to three places which 
IS moie rapid and easy than either of these aids It is, of couise, of use 
generally for all such calculations, and airangcments are now being made for 
the preparation and publication of his tables The actual work of finding the 
place of the moon from the new lunar tables will, I believe, not take more 
time — perhaps less — ^than from Hansen’s tables, as soon as the computei has 
made himself familiar with them Fortunately for him, it is not necessary 
to understand the details of their constiuction he need only know the rules 
for using them 

I am now going to show by means of some diagrams the deviations of the 
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moon from its theoretical orbit, in which, of course, errors of observation are 
included The first two slides exhibit the average deviation of the moon from 
i^s computed place for the past century and a half in longitude ^ The averages 
are taken over periods of 414 days and each point of the continuous line 
shqjws one such average The dots are the results obtained by Newcomb from 
occultations , the averages for the first century are taken over periods of 
several years, and m the last sixty years over eveiy year In both cases the 
same theoiy and the same values of the constants have been used Only 
one empirical term has been taken out — ^tbe long pel lod flue tuition found by 
Newcomb having a period of 270 yeais and a co efhcient of 13/' I shall show 
the deviations with this teim included, in a moment 

The first point to which attention should be drawn is the agreement of the 
lesults deduced from the Greenwich meiidian observations and those deduced 
from occult itions gathered from observatories all o\er the world There can be 
no doubt that the fluctuations aie real and not due to eriors of observation 
A considerable difference appears about 1820, for which I have not been able to 
account, but I have reasons for thinking th it the difference is mainly due to 
eriors in the occultations rathei than in the meridian values In the last sixty 
years the differences become comparatively small, and the character of the 
deviation ot the moon from its theoretic il orbit is well maikcd This deviation 
is obviously ot a periodic chai icter, but attempts to analvse it into one or two 
periodic terms have not met with success, the number of terms required foi 
the purpose is too great to allow one to feel that they have a real existence, 
and that they would combine to represent the motion in the future The 
straight line character of the deviations is a rather marked peculiarity of the 
curves 

The actual deviations on i sniallei scile aio shown in the next «!lide, the 
gieat empirical term has here been lestored and is shown by a broken line 
The continuous line repiesents the Gieenwich meridian observations, the dots 
arc Newcomb’s results foi the occultations before 1750, the date at which the 
meridian obseivations begin With a veiv slight imount of smoothing 
especially since 1850, this diagiam maj be considered to show the actual 
deviations of the moon from its theoretical orbit 

The next slide shows the average values of the eccentiicity and of the 
position of the perigee The deviations aie those from the values which I have 
obt lined It is obvious at once that there is little oi nothing systematic about 
them, they mav be put down almost entiiely to eiiois of observation The 
diminishing magnitude of the deviations as time goes on is good evidence for 
this, the accuracy of the obseivations has steidilv increased The coefficient 
of the term on which the eccentiicity depends is found with a probable error of 
0// 02 and the portion fiom 1750 to 1850 gives a value for it which agrees with 
that deduced from the portion 1850 to 1901 within 0'/ 01 The eccentiicity is 
the const lilt which is now known with the highest degree of iccuracy of any 
of those in the moon’s motion hor the peiigeo there was a diffeience fiom 
the theoretical motion which would hue caused the horizontal average in the 
curve to be tilted up one end over 2// above that at the othei end I have taken 
this out, ascribing it to a wiong value for the earth’s ellipticity, the point will 
be again referred to later The actual value obtained from the observations 
themselves has been used iii the diagram, so that the deviations shown are 
deviations from the observed v ilue 

The next slide shows the deviations of the mean inclination and the motion 
of the node, as well a^s of the moan latitude from the values deduced from 
the observations ® In these cases the obseivations onlv lun from 1847 to 1901 
It did not seem vvoith while to extend them back to 1750 for it is evident 
that the errors are mainly accidental, and the mean results agieed so closely 
with those obtained bv Newcomb fiom occultations that little would have been 

^ Monthly Notices It i S , \o\ 73, plate 22 

' Tables II, III of a Papti on ‘The Pciigoc. ind Ecicntiuitv of the 
INlooii ’ Monthly \otucs R i S , March 1914 

® ‘The Mean Latitudes of the ^un and Moon’ Monthly Xotices It A S 
J 111 1914 , ‘ The Determination of the Constants of the Node, the Inclination, 
the Eai til’s Ellipticity, and the Obliquity of the Ecliptic,’ tb June 1914 
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gained by the use of the much less accurite obseivations made befoie 1847 
The theoretical motion of the node difieis fiom its observed value by a 
quantity which would have tilted up one end of the zero line about 0^^ 5 abo\e 
the other, the hypothesis adopted in the case of the peiigee will account for 
the difference ^ 

The mean latitude cur\c is interesting Tt should lepiesent the mean 
deviations of the moon’s ceiitie from the ecliptic, but it actually lepieseiitb the 
deviations from a plane Off 5 below the ecliptic A similii deviation was found 
by Newcomb Certain pei iodic teims have also been taken out The explina 
tion of these terms will be referred to diioctlv 

The net result of this work is i determination of the constants of ecccn 
tricity inclination, and of the positions of the peiigee and node with piactical 
certainty The motions of the perigee and node heie agree with then theoretical 
values when the new vilue of the euth’s ellipticity is used The only out 
standing parts requiring explanation aio the deviations in the mean longitude 
If inquiry is made as to the degioe of accuiacy which the usual statement of the 
gravitation law involves, it m ly be said th it the index which the inverse 
square law contains does not differ fiom 2 by a fi iction gieiter than 
1/400,000,000 This is deduced fiom the agreement between the observed and 
theoietical motions of the peiigee when we attiibute the mean of the differences 
found for this motion and for that of the node to a defective value of the 
ellipticity of the earth 

I ha\e mentioned the mean deviition of the 1 ititude of the moon from the 
ecliptic There aie also pei iodic terms with the mean longitude as argument 
occuiring both in the latitude and the longitude My explanation of these was 
anticip ited by Professor B ikhuysen bv a few weeks The term in longitude had 
been found from two senes of Greenwich obser\ ations, one of 28 and the other 
of 21 years, by van Steenwijk, and Professor Bikh'ivsen, imtting this with the 
deviations of the mean latitude found by Hansen and himself, attiibuted them 
to systematic irregularities of the moon’s limbs 

What I have done is to find (1) the dcviition of the mean lititudc for 
64 years, (2) a pcnodic term in lititudc fiom obsei\ ations covering 55 yeais, 
and (3) a periodic teim in longitude fiom obseivations coveimg 150 yeais, 
the period being tint of the mean longitude Further, if to these be added 
Newcomb s deviations of the mein lititude derived (n) fiom immersions and 
(h) from emersions, we hive a series of five sepai ite determinations — separate 
l3ecause the occultations are derived from parts of the limb not wholly the same 
as those used in mendiin observations Now all these give a consistent shape 
to the moon’s limb ref ei red to its centre of mass This shape agrees qualita 
tively with that which may be deduced from Franz’s figure 

I throw on the screen two diagrammatic representations * of these irregu 
larities obtained by Dr F Hayn fiom a long senes of actual measures of the 
heights and depths of the lunar formations The next slide shows the 
systematic character more clearly It is from a paper by Fianz ® It does not 
show the character of the heights and depths at the limb, but we mav judge 
of these from the general character of the high and low areas of the poitions 
which have been measured and which extend near lo the limbs I think there 
can be little doubt that this explanation of these small terms is correct, and if 
so it supplies a satisfactory cause for a number of puzzling inequalities 

The most interesting feature of this result is the general shape of the 
moon’s limb relative to the centie of mass and its i elation to the piinciple of 
isostasy Here we see with some definiteness that the edge of the southern 
limb in general is further from the moon’s centre of mass than the northern 
Hence we must conclude that the density at least of theciust of the former is 
less than that of the latter, in accordance with the principle mentioned The 
analogy to the figure of the earth with its marked land and sea hemispheres is 
perhaps worth pointing out, but the higher ground in the moon is mainly on the 
south of its equator, while that on the eaith is north Unfortunately we know 
nothin^g about the other face of the moon Nevertheless it seems worth while 
to direct the attention of geologists to facts w'hich may ultimately have some 

* Alih dcr Math Vhys Kl dtr kon Ots dtr , voK xxix , xxx 

* konujsbcrgtr Astr Btoh , Abth 38 
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cosmogonic applications The astronomical difficulties are immediate different 
corrections for meridian observations in latitude, in longitude, on Mosting A, 
for occultations and for the photographic method, will be required 

I next turn to a question, the chief interest of which is geodetic rather than 
astronomical I have mentioned that a certain value of the earth’s ellipticity 
will make the observed motions of the perigee and node agree with their 
theoietical values This value is 1/293 7 3 Now Helmeit s value obtained 

from gravity determinations is 1/298 3 The conference of ‘ Nautical Almanac’ 
Directors in 1911 adopted 1/297 There is thus a considerable discrepancy 
Other evidence, however, can be brought forward Not lon,g ago a series of 
simultaneous observations at the Cape and Greenwich Observatories was made 
in order to obtain a new value of the moon s paiallax After five years’ work 
a hundred simultaneous pairs were obtained, the discussion of which give 
evidence of their excellence Mr Crommelin, of the Greenwich Observatory, 
who undertook this discussion, determined the ellipticity of the earth by a com 
parison between the theoretical and observed values of the paiallax He found 
an ellipticity 1/294 4±1 5 closely agreeing with that which I ha\e obtained 
Finally, Col Clarke’s value obtained from geodetic measures was 1/293 5 We 
have thus three quite different determinations ranging round 1/294 to set 
against a fourth determination of 1/298 The term in the latitude of the moon 
which has often been used for this purpose is of little value on account of the 
coefficient being also dependent on the value of the obliquitv of the ecliptic , 
such evidence as it piesents is rather in fa\our of the larger value I omit 
Hill’s value, obtained from gravity determinations, because it is obviously too 
large 

Here, then is a definite issue lo satisfy the obseivations of the moon in at 
least thiee different parts, a value near 1/294 must be used, while the value 
most ciretully found from gravity deteiminations is 1/29S As far as astronomv 
IS concerned, the moon is the only body for which a coriect value of this constant 
is important, and it would seem inadvisable ^o use a value which will cause a 
disagreement between theory and ob*»crvition in it leist three diffcient ways Tt 
IS a question whether the conteience value should not be changed vMth the 
advent of the new lunar tables 

In looking forward to future deteiminations of this constant it seems to be 
quite possible that direct observations of the moon s parallax are likelj to furnish 
at lea'.t as accurate a value of the earth’s shape as any other method This can 
be done, I believe much better bv the Haivard photographic method thin by 
meridiin observ itions Two identical instiuments are advisable foi the best 
results, one pi iced in the noithein and the othei in the southern hemisphere from 
60° to 90° apart in latitude and as neaily as possible on the same meridian On 
nights which are fine at both stations, fiom fifteen to twenty pairs of plates could 
be obtained In a few months it is probable that some 400 pairs might be 
obtained These should fuinish a value foi the paiallax with a piobable eiror 
of about 0^' 02 and a value for the ellipticity within half a unit of the denominatoi 
294 It would be still moie interesting if the two instruments could be set up on 
meridians in different parts of the earth Ihe Cape and a northern observatory, 
Upsala for example, would furnish one aic. Harvard and Ariquipa oi Santiago 
another If it vveie possible to connect by tiiangulation Austialia with the 
Asiatic continent, a thud could be obtained neai the meiidian of Brisbane Or, 
accepting the observed parallix and the e nth’s ellipticity, we could find by 
observation the lengths of long arcs on the earth’s suiface with high accuracy 

In any cose, I believe that the time must shortly come when the photographic 
method of finding the moon’s place should be t iktn i p moie extensively, whether 
it be used for the determination of the moon s piiallix and the earth’s ellipticity 
or not The Greenwich meiidiui obseivations have been and continue to be a 
wonderful storehouse for long senes of obseivations of the positions of the sun, 
moon, planets, and stars In the United States, Haivaid Observatory has 
adopted the plan of securing continuous photographic records of the sky with 
particular reference to photometru woik Under Piofessor Pickering it will 
also continue the photographic lecord of the moon’s position as long as arrange 
meiits can be made to measuie the plates and compute the moon’s position fiom 
them 
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In spite of the fact that Harvard Observatory has undertaken to continue for 
the present the work of photographing the moon’s position, I believe that this 
method should find a permanent home m a national observatory It has already 
shown itself capable of producing the accuracy which the best modern observa 
tions of Greenwich can furnish, and no higher praise need be given If this home 
could be found in the southern hemispheie md more particulaily in Australia, 
other advantages would accrue 

But we should look for more than this In an observatory whose first duty 
might be the seeming of the best daily records of the sky, the positions of the 
sun, stars, planets, a couple of plates of the moon on every night when she is 
visible would be a small matter Whit is needed is an organisation so con 
structed as to be out of the reach of changing governmental policy with a 
permanent appropriation and a otaff of the highest character removed from all 
political influences It could render immense service to astronomers, not only in 
the Empire but all over the world The pride which every Englishman feels who 
has to work iMth the retords of tl e past furnished by Greenwich would in course 
of time arise from the work of a similar establishment elaewhere Those of us 
who live in a community which, reckoning by the age of nations, is new, know 
that, in order to achieve objects which are not material, sacrifices must be made, 
but we also know that such sacrifices are beneficial, not only in themselves, but 
as exerting an indirect influence in promoting the cause of higher education and 
of scientific progress in every diiection In saying this I am not advocating the 
cause of the few, but of the majority, the least practical investigations of yester 
da> are continually lecoming of the greatest juictical value to day 

No address before this section is complete without some speculation ind a 
glance towards the future I shall indulge in both to some small extent before 
closing I have shown you what the outstanding residuals in the moon’s motion 
are they consist mainly of longpciiod fluctuations in the mean longitude I 
have not mentioned the seculai changes because the e\idence for them does not 
rest on modern observations but on ancient eclipses, and these are matters too 
debatable to discuss in the limited time illotted to me for this address It may 
be said, howevei, that the only seculir motion which is capable of being deter 
mined from the modern observations and is not affected by the discussion of 
ancient eclipses — namely the seculai motion of the perigee — agrees with its 
theoretic il value well within the probable erroi With this remark I pass to the 
empirical terms 

These unexplained differencps between theory and observation may be 
separated into two x^arts First, Newcomb’s term of period between 250 and 300 
years and coefficient 13^^ and, second, the fluctuations which appear to have an 
approximate period of 60 to 70 years The former appears to be more important 
than the latter, but from the investigatoi ’s point of view it is less so The force 
depends on the degree of inclination of the curve to the zero line or on the 
curvature, according to the hypothesis made In either case the shorter period 
term is much more striking, and, as I ha\e pointed out on several occasions, it is 
much more likely to lead to the sources of these teims than the longer period 
It 13 also, at least for the last sixty years, much better determined from observa 
tion, and is not likely to be confounded with unknown secular changes 

Various hypotheses have been advanced within the last few years to account 
for these terms Some of them postulate matter not diiectly observed or matter 
with unknown constants others, deviations of the Newtonian law from its 
exact expression , still others, non gravitational forces M St Blancat • 
examines a variety of case® ot intramercurial planets and arrives at the conclusion 
that such matter, if it exists, must have a mass comparable with that of Mercury 
Some time ago I examined the same hypothesis and arrived at similar results 
The smallest planet with density four times that of water, which would produce 
the long inequality must have a disc of nearly 2ff in its transit acioss the sun 
and a still larger planet would be necessary to iiroduce the shoitei period terms 
But observational attempts, particularly those made by Perrine and Campbell, 
have always failed to detect any such planet and Professor Campbell is of the 
opinion that a body with so large a disc could hardly have been overlooked If 

• Annnlo<i dp la FiKnlft dr^ Srnncfs dt TouIousp, 1907 
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we fall back or a sw irm instead of i single bod^, we replace one difficulty by 
two The light from such a swarm would be greater than that from a single 
body, and would therefore make detection mote likely If the swarm were more 
diffused we encounter the difficulty thit it would not be held together by its 
own attraction, and would theretore soon scattei into a ring, such a ring 
cinnot give periodic changes oi the kind re<iiiired 

The shading of giavitation by intci posing matte i, p g at the time of 
eclipses, has been examined by Bottlingei ^ For one reason alone, 1 belieie this 
IS veiy doubtful It is difficult to see how new periodicities can be pioduced, 
the peiiods should be combinations of those tlready pre'^ent in the moon s 
motion The sixty to seventy ycais* fluctuition staricis out in this respect 
because its period is not anywheie near am period present in the moon’s 
motion 01 any piobible combination of the moon s peiiods Indeed 
Dr Bottlinger’b curve shows this theie is no ti ice of the fluctuation 

Some four yeirs ago I examined* i numbei of hvpothescs The motions of the 
magnetic field of the earth ind of postulited fields on the moon had to be 
1 ejected, mainly because they ciused impossibh increases in the mean motion 
ot the periigee An equatori il ellipticity of the sun’s mass, combined with a 
lotation peiiod veiy neaily one month in length, ippeared to be the best of 
these hypotheses The obvious objections to it aie, first, that such an ellip 
ticity, small as it can be (about 1/20,000), is difficult to iindei stand on phvsical 
giounds, and, second, that the lotation pmod of the nucleus which might be 
supposed to possess this elliptic shape in the suns enuatoi is a cpiantiU which 
is so doubtful that it furnishes no helj) fiorn obse nation, ilthough the observed 
peiiods are well within the i(C|uiicd limits T)i Hales discoveiv of the 
mignetic field of the sun is of intcicst in this (onmction Such a field, of 
non uniform stungth ind lotating v\ith the sun, is m ithematically cxactlv 
equivalent to an oquatoiial cllipticitv of the sun s miss, so that the hvpothesis 
might stand fiom the mathemitical point ot v^cw, the expiession of the 
symbols in woids being alone diffeient 

Iho last published hvpotlusis is tint of Pioftssoi Tuinei,^ who assumes 
th it the Leonids have finite miss and that i big swaim (d them pciiodicallv 
distuibs the moon as the oibits of the eaith and the swaim inteisict I had 
cvamined this mvself last sumnui, but lejcctid it beciusc, although it 
explained the straight line appciiiiuc of the cum of fluctuations, one of the 
most impoitint of the changes ot diicction in tins cuive was not accounted 
foi We have the fuithci difficult v that eontininl cncounteis with thi eaith 
will spiiad the swum alon^ its oibit so that the swaim with this idea 
should be a lite aiiival and its iieiiodu cfftit on the moons motion of 
diminishing amplitude, with lespect to the lattti, the obseivcd amplitude 
seems rithei to have increased 

The main objection to all these idias consists in the fict tint tlu\ stiiid 
done the It is is vet littU oi no colliltial i vide me fiom otlni souices 
J ho diffidiltN 111 f let Is not tint ot finding in livjiothesis to fit the facts, 
but of selecting one out of manv The list hypotlu sis which I shill mtntion 

IS one which is less definite tJnn the otlun but which docs ippeii to have 

some othei evidence in its fivoui 

The mignetic forces, mentioned ibove, wcit changes iii the dnections ot 
assumed magnetic fields If we assume changes in the intensities of the fields 
themselves, we avoid the difheiilties of altciing poitions of the moon’s motion 
other than that of the mean motion We know that the eaith s magnetic 
field vanes and tint the sun has such a field, and theie is no iiiheient impro- 
bability in attiibuting similii fields to the moon and the planets If we 
issume that variations in the stiength of these fields iiise in the sun and aie 
communicated to the othei bodies ot the solai system, we should expect fluctua 

tions having the samepeiiod and of the sime oi opposite phase but differing m 

magnitude It theiefoie becomes of mteiest to seaich foi fluctuations in 
the motions of the planets similai to that found in the moon’s oibit The 
mateiial in available foim foi this piiipose is i ithei scinty, it needs to be 

^ Z)iS 5 , Fieiburg i Br , 1912 ® 4//itr Jour Sc, vol 29 

• Monthly Notices, December 1913 
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a long senes of obseivations i educed on a unifoim plan The best 1 know 
IS in Newcomb’s ‘ Astronomical Constants * He gives theie the mateiial foi 
the earth aiianged in gioups of a few years at a time The lesults toi 
Meicury, given for another puipose, can also be exti acted fiom the same 
place For Venus and Mais, Newcomb unfortunately only printed the noimal 
equations fiom which he deduces the constants of the oibit 

On the screen is shown a slide (see below) which exhibits the results for the 
Earth and Meicury compaied with those for the moon In the uppeimost 
cuive aie repioduced the minoi fluctuations of the moon shown earlier, the 
second cuive contains those of the earth’s longitude, the thud, those of 
Mercuiy’s longitude [By accident the mean motion collection has been left 
in the Eaith cur\e, the zeio line is therefoie inclined instead of being 
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horizontal ] It will be noticed that the scales are different and that the 
Earth curve is leversed In spite of the fact that the probable eriors of the 
results in the second and third curves are not much less than their diver- 
gencies from a straight line, I think that the correlation exhibited is of some 
significance It it is, we have here a force whose period, if period in the 
stiict sense it has, is the same as that of the effect the lattei is not then 
a resonance from combination with anothei period We must therefore look 
for some kind of a surge spreading through the solar system and affecting 
planets and satellites the same way but to different degrees 

The lowest cuive is an old fiiend, that of Wolf’s sunspot fieqiiency, put 
theie, not for that leason, but because the known connection foi the last sixty 
years between sunspot fiequency and prevalence of magnetic distui banco 
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enables us with fair probability to extend the latter back to 1760 With some 
change of phase the periods of high and low maxima correspond nearly with 
the fluctuations above The eleven-year oscillation is naturally eliminated 
from the gioup results for the Earth and Mercury One might expect it to 
be present in the lunar curve, but owing to its shorter period we should 
piobably not obtain a coefiicient of over half a second Notwithstanding this 
fact, it IS a valid objection to the hypothesis that there is no evidence of it 
m the moon’s motion Reasons may exist for this but until the mechanism 
of the action can be made more definite it is hardly worth while to belabour 
the point 

The hypothesis presents many difficulties Even if one is disposed to admit 
provisionally a correlation between the four curves — ^and this is open to con 
siderable doubt — it is difficult to understand how, under the electron theory 
of magnetic storms, the motions of moon and planets can be sensibly affected 
I am perhaps catching at straws in attempting to relate two such difleient 
phenomena with one another, but when we are in the presence of anomalies 
which show points of resemblance and which lack the property of analysis 
into strict periodic sequences some latitude may be permissible 

In conclusion, what, it may well be asked, is the future of the lunar theory 
now that the gravitational effects appear to have been considered in such 
detail that further numerical woik in the theory is not likely to advance our 
knowledge very materially ’ What good purpose is to be served by coiitinuorus 
observation of the moon and comparison with the theory’ I believe that the 
answer lies mainly in the investigation of the fluctuations already mentioned 
I have not referred to other periodic teims which have been found because 
the observational evidence foi then real existence rests on foundations much 
less secure These need to be examined more carefully, and this examination 
must, I think, depend mainly on future observations rather than on the recoids 
of the past Only by the greatest care in making the observations and iii 
eliminating systematic and other eirors fiom them can these matters be fully 
elucidated If this can be achieved and if the new theoiy and tables serve, 
as they should, to eliminate all the known effects of giavitation, we shall 
be ill a position to investigate with some confidence the other foices which 
stem to be at woik in the soldi system and at which we can now only guess 
A‘'Sistancc should bo afforded by obser\dtions of tlie sun and planets, but 
the moon is nearest to us and is, chiefly on that account, the best instrument 
for their detection Doubtless othei investigations will aiiso in the future 
But the solution of the known pioblems is still to be sought, and the lading 
ul the coping stone on the edifice reared thiough the last two centuiies cm 
not be i simple matter Even oui ablei successois will hardly exclaim, with 
Hotspur, 

‘ By heaven, methinks, it weie an easy leap 
To pluck bright honoui fiom the pale faced moon * 

They, like us and our predecessois, must go through long and caieful iinesti 
gations to find out the new tiuths before they have solved our difficulties, and 
m then turn they will discovei new problems to solve for those who follow 
them — 

‘I or the fortune of us, that are the moon’s men, doth ebb and flow like 
the sea, being governed, as the sea by the moon ’ 
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Section B — OHEMISTEY 

President of the Section — Professor William J Pope, M A , 

LL D , FES 


Ml LBOURNE 
FRIDAY, WGUST 14 

The President deliveied the following Addiess — 

The British Association has been firmly established as one of the institutions 
of our Empiie for more than half a century past The powerful hold which 
it has acquired probably arises from the welcome which every worker in science 
extends to an occasional cessation of his ordinal y routine— a respite duiing 
which the details of the specific inquiry in hand may be temporarily cast aside, 
and replaced by leisurely discussion with colleagues on the broader issues of 
scientific progress 

The investigator, continually occupied with his own problems and faced with 
an ever increasing mass of technical literature, ordinarily finds little time for 
leflection upon the real meaning of his work, he secures, in general, far too 
few opportunities of considering in a philosophical sort of way the past, present, 
and future of his own particular branch of scientific activity It is not difficult 
to form a fairly accurate survey of the position to which Chemistry had attained 
a generation ago, perhaps even a few years ago, piobably no intellect at 
piesent existing could pronounce judgment upon the present position of oui 
science in terms which would commend themselves to the historian of the 
twenty first century Doubtless even one equipped with a complete knowledge 
of all that has been achieved, standing on the very fiontier of scientific advance 
and peering into the sui rounding darkness, would be quite incompetent to 
make any adequate forecast of the conquests which will be made by chemical 
and physical science during the next fifty >ears At the same time, chemical 
history tells us that progress is the result in large measure of imperfect attempts 
to appreciate the present and to forecast the future I therefore propose to lay 
before vou a sketch of the present position of certain branches of chemical 
knowledge and to discuss the directions in which progress is to be sought, none 
of us dare cherish the conviction that his views on such matteis are correct, but 
everyone desirous of contributing towards the development of his science must 
attempt an appreciation of this kind The importance to the worker and to 
the subject of free ventilation and discussion of the point of view taken by the 
individual can scarcely be over estimated 

The two sciences of Chemistry and Physics were at one time included as 
parts of the larger subject entitled Natural Philosophy, but in the early part 
of the nineteenth century they drew apart Under the stimulus of Dalton’s 
atomic theory, Chemistry developed into a study of the interior of the molecule, 
and, as a result of the complication of the observed phenomena, progressed from 
stage to stage as a closely reasoned mass of observed facts and logical con 
elusions Physics, less entangled in its infancy with numbers of experimental 
data which apparently did not admit of quantitative correlation, was developed 
largely as a branch of applied mathematics, such achievements of the formal 
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Phyjsicfi of the last century as the mathematical theory of light and the kinetic 
theory of gases are monuments to the powers of the human intellect 

The path of Chemistry, as an application of pure logical argument to the 
interpretation of complex masses of observations, thus gradually diverged from 
that taken by Physics as the mathematical treatment of less involved experi 
mental data, although both subjects derived their impetus to development from 
the speculations of genius 

It IS interesting to note, however, that during recent vears the two sciences, 
which were so sharply distinguished twenty years ago as to lead to mutual 
misunderstandings, are now converging Many purely chemical questions have 
received such full quantitative study that the results are susceptible to attack 
by the methods of the mathematical physuist, on the other hand, the intense 
complication perceived during the fuller examination of many physical problems 
has led to their interpretation by the logical argument of the chemist because 
the traditional mathematical mode of attack of the physicist has proved power 
less to deal with the intricacies exhibited by the observed facts 

The progress of Chemistry during the last century has been mainly the result 
of the CO ordination of observed facts in accordance with a series of hypotheses 
each closely related in point of time to the one preceding it 1 he atomic theory, 
as it was enunciated by Dalton in 1803, was a great impetus to chemical invest/ 
gation, but proved insufficient to embrace all the known facts, it was supple 
mented in 1813 by Avogadro’s theoiem — that equal volumes of giscs contain tin 
same numbers of molecules at the same tempeiature and piessure These two 
important theoretical developments led to the association of a definite physic tl 
meaning with the idea of molecular composition, but ultimately pro\ed 
insufficient for the interpretation of the ever increasing mass of chemical know 
ledge collected under their stimulus A further great impttus followed the 
introduction by Prankland and Kekul^, in 1852 onwards, of the idea of %aleii(v 
ind the mode of building up constitutional formulte the conception of moleculai 
constitution thus arose as a refinement on the Daltonian notion of molecul ii 
composition In couise of time the theoieticil scheme ome nioio pl0^ed 
insufficient to accommodate the accumulated facts, until, in 1874, van *t Hoff 
and Le Bel demonstiated the all impoitant part which molecular configuration 
jdays 111 the interpret it ion of certain classes of plienomena known to tlie 
oiganic Chemist 

During the early days of chemical science — those of Dalton’s time and peih ips 
slso those of Frankland and Kekule — we can believe that chemical theoiv mav 
have lacked the physical reality which it now seems to us to piesent, the 
attitude of our predecessors towaids the theoretu il interpietation of then 
observations was rather that desciibed bv Plato ‘ as when men in a daik 
cavern judge of external objects by the shadows which thev cast into the 
cavern * In the writings of the most clearsighted of our forerunneis we can 
detect an underlying suspicion of a possibility that, at some time or othei, the 
theory by means of which chemical observations are held together may undergo 
an entire reconstruction, a very few years ago Ostwald made a determined 
attempt to treat our science without the aid of the molecular hypothesis, and 
indeed suggested the desirability of giving the Daltonian atomic theory decent 
burial 

The last ten years or so has seen a change in this attitude The development 
of Organic Chemistry has revealed so complete a correspondence between the 
indications of the conception of molecular constitution and configuration and 
the observed facts, and lecent work on the existence of the molecule, largely 
in connection with colloids, with radioactivity and with crystal structure, is so 
free from ambiguity, that persistence of doubt seems unreasonable Probably 
most chemists are prepared to regard the present doctrine of chemical consti- 
tution and configuration as proven, although they may turn a dim vision 
towards the next great development, they have few misgivings as to the stability 
of the position which has already been attained 

Let us consider how far the study of Organic Chemistry has hitherto led us , 
we may pass over the gigantic achievements of those who in past generations 
determined constitution and performed syntheses, thus making the subject 
one of the most perfect examples of scientific classification which exist, and turn 
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to the que«(tion of molecular configuration In 1815 Biot observed that certain 
liquid organic substances deflect the plane of polarisation of a transmitted ray 
of light either to the right or to the left , half a century later Pasteur and 
Paternb pointed the obvious conclusion, namely, that the right or left handed 
deviation thus exerted must be due to a corresponding right or left handedness 
in the configuration of the chemical molecule A scheme representing such right 
or left handedness, or enantiomorphism, was first enunciated by van ’t Hoff and 
Le Bel upon the basis of the previously established doctrine of chemical con 
stitution , briefly stated, the idea suggested was that the methane molecule, CH^, 
was not to be regarded as extended m a plane in the manner represented by the 
Frankland Kekule constitutional formula, but as built up symmetrically in three 
dimensional space The carbon atom of the methane molecule thus occupies the 
centre of a regular tetrahedron, of which the apices are replaced by the four 
hydrogen atoms A methane derivative, in which one carbon is separately 
attached to four different univalent atoms or radicles of the type CXYZW, 
should thus exist in two enantiomorphous configurations, one exhibiting right 
and the other left handedness The inventors of this daringly mechanistic inter 
pretation of the far less concrete constitutional formulce were able to interpret 
immediately a large number of known facts, pieviously incomprehensible, by 
means of their extension of the Frankland Kekule view of constitution They 
showed that every substance then known, which in the liquid state exhibited 
so called optical activity, could be regarded as a derivative of methane in which 
the methane carbon atom was attached to foui different univalent atoms or 
groups of atoms, a methane carbon atom so associated is teimed an asymmetric 
carbon atom It is of interest to note that the van 't Hoff Le Bel deduction 
resulted fiom the discussion of the behaviour of organic siibstinces of some 
molecular complexity, the optically active substances then known weie 
mostly the products of animal oi vegetable life, and among them none occurs 
which contains less thin thiee caibon atoms in the molecule Lactic acid 
CHj CH(OH) CO OH, is practically the most simple opticallv actno sub 
stance of natural occuirence, it contains twelve atoms in the molecule, and it Ins 
only recently been found possible to associate optical activity with a much 
more simply constituted substance, namely, chloriodomethanesiilphonic acid 
CHCll SO 3 H, the molecule of which contains less than 5 per cent of carbon 
and only nine atoms, four more than the minimum number, fi\e, which 
theoretically can give rise to optical activity * 

The working out of the practical consequences of the doctrine of the tetra 
hedral configuration of the methane carbon atom by von Baeyer, Emil Fischer, 
and Wislicenus is now a matter of history , the acquisition of masses of expen 
mental data, broad in principle and minute in detail, placed the van ’t Hoff 
Le Bel hypothesis beyond dispute The rapid growth of Organic Chemistry as 
a classified subject contrasted strongly with that of Inorganic Chemistry, m 
which the collection of a great variety of detailed knowledge incapable of far 
reaching logical correlation formed the most striking feature , in fact, the exten 
sion of the conclusion, proven in the case of carbon compounds, that the 
Frankland Kekule constitutional formulae must be translated into terms of three 
dimensional space, to compounds of elements other than carbon, did not imme 
diately follow the application of the theory to this element Twenty years ago, 
indeed, the idea prevailed that carbon compounds differed radically from those 
of other elements, and we were not prepared to transfer theoretical conclusions 
from the organic to the inorganic side of our subject In 1891, however, Le Bel 
stated that he had found optical activity associated with asymmetry of a 
quinque valent nitrogen atom, although the experimental work upon which this 
conclusion was founded is now known to be incorrect,* the conception thus put 
forward was important, as suggesting that the notion of space configuration could 
not be restricted logically to methane derivatives When it was proved in 1899 
that benzylphenylallylmethylammonium iodide could exist in a right and left 
handed configuration, it became necessary to admit that the spacial arrangement 
of the parts of a chemical molecule, previously restricted to methane derivatives, 
must be extended to ammonium salts * 

* Pope and Bead, Trana Chem Soc , 1914, 106, 811 ® Ibid , 1912, 101, 519 

> Pope and Peachey, Trana Chem Soc , 1890, 75, 1127 
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The demonstration that optical activity, or enantiomorphism, of molecular con 
figuration is associated not only with the presence of an asymmetric quadrivalent 
carbon atom, but also with that of a nitrogen atom attached to five different 
ladicles, ^as the result of an improvement of technique in connection with the 
study of optical activity, previously the resolution into optically active compo 
nents of a potentially optically active basic substance had been attempted with 
the aid oi naturally occurring optically active weak acids of the general type of 
d tartaric acid The application of the strong d and I bromocamphorsulphonic 
acids and the d and I camphorsulphonic acids to such purposes rendered 
possible the isolation of the optically active substances containing no asymmetric 
atom other than one of quinquevalent nitrogen The resolution of asymmetric 
quaternary ammonium salts of the kind indicated was rapidly followed by the 
preparation of optically active substances in which the enantiomorphism is asso 
ciited with the piesence of an asymmetric sulphur, selenium, tin, phosphorus, or 
bilKon atom, compounds of the following constitutions were thus obtained in 
o])ticall} active modifications — 
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In all this woik, and amongst all the varied classes of optically active com 
pounds piepared, it was in every instance possible to indicate one particular 
quadii valent or quinquevalent atom in the molecule which is sepal ately attached 
to four or five diffeieiit atoms or ladicles, the enantiomoiphism of molecular con 
figuiation may be detected, in fact, by the observation that such an asymmetric 
atom IS present It must, however, be insisted that the observed optical activity 
lo the result of the enantiomoiphism of the molecular configuiation , the asym 
metry of a pirticular atom is not to be regarded as the cause of the optical 
activity but merely as a convenient geometrical sign of molecular enaiitio 
morphism In 1874 van *t Hoff realised that molecular enantiomorphism and 
optical activity might conceivably exist without the presence of an asymmetric 
carbon atom, and suggested that compounds of the type 



should be of this kind Previously this paiticular case had escaped realisation 
experimentally, but an example fulfilling similar conditions was described in 
1909 , in this year the d and I isomerides of 1 methylcyclohexylidene 4 acetic 
acid, 


OH 

H 


, OH, OH. M 

\c/ , 

:/ \CHj CK./ \co OH 


were obtained ^ The considei ation of the constitution of these substances shows 


^ Perkin, Pope, and Wallach, Ttans Chem Soc , 1909, 95i 1789) Perkm and Pope, 
Trans Chem Soc , 1911, 99, 1610 
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no carbon atom which is attached to four different groups, but a study of the 
solid model representing the molecular configuration built up in accordance with 
the van *t Hoff Wislicenus conclusions reveals the enantiomorphism 

It is of some importance to note that the configurations assigned to such 
optically active substances as have been mentioned above, on the basis of the 
expeiimental evidence, aie of as symmetrical a character as the conditions 
permit, the Kekule formula for methane, CH^, in which all five atoms lie in 
the same plane, is not of so highly symmetrical a chaidcter as the van *t Hoff 
Le Bel configuiation in which the four hydrogen atoms are situate at the apices 
of a regular tetiahedron described about the caibon atom as centre Some 
influence seems to be operative which tends to distribute the component radicles 
in an unsymmetrical molecule in as symmetrical a manner as possible, recent 
work indicates, however, that this is not always true During the past few 
icdis Mills and Bam ^ have shown that the synthetic substance of the constitution 


JH 3 CH, CH. 

hXoh, oh> ^ 


can be lesolvcd into optically active niodific itions The conclusion is thus 
forced upon us that the trivaleiit nitrogen atom in such compounds is not 
cnviioned in the most symmetiical maimei possible by the sui rounding com 
ponents of the molecule, the experimental veiification which the conclusions ot 
Hantzsch and Weiner, conceiiiing the isomerism of the oximes, thus derive, 
constitutes the first leally diiect evidence justifying their acceptance 

Quite iccently, and by the application largely of the optically active powerful 
bulphonic acids derived from camphor, Werner has made another great advance 
in connection with the subject of optical activity He has obtained a number 
of complex compounds of chromium, cobalt, iron, and rhodium in optically active 
modifications 

The foregoing biief statement probably suffices to indicate the piogicss 
which has been made during the last twenty years in demonstrating that the 
itoms or radicles associated m the chemical molecule do not he in one plane 
but are disposed about certain constituent atoms in three dimensional space , 
careful study of the present stage of progress shows that we must attribute to 
molecular configuration, as determined by modem chemical methods, a very 
real significance It can no longer be supposed to possess the purely diagram 
matic character which attached to the Frankland Kekule constitutional formulae , 
it seems to be proved that the men who developed the doctrine of valency were 
not merely pursuing an empirical mode of classification, capable of various modes 
of physical interpretation, but were devising the main scheme of a correct 
mechanical model of the chemical universe 

The development of a branch of science such as that now under discussion 
IS, to a considerable extent, an artistic pursuit, it calls for the exercise of 
manipulative skill, of a knowledge of materials, and of originality of conception, 
which probably originate in intuition and empiricism, but must be applied with 
scientific acumen and logical judgment For reasons of this kind many gaps 
occur in our present knowledge of the subject, although so many important 
conclusions find an unshakable foundation on facts relating to optical activity, 
we have as yet no clear idea as to why substances of enantiomorphous molecular 
configuration exhibit optical activity Great masses of quantitative data 
referring to optical activity have been accumulated, something has been done 
towards their correlation by Armstrong, Frankland, Pickard, Lowry, and 
others, but we still await from the mathematical physicist a theory of optical 
activity comparable in quantitative completeness to the electro magnetic theory 
of light Until we get such a theory it seems unlikely that much further 
progress will be made in interpreting quantitative determinations of rotation 
constants 

That aspect of stereochemistry which has just been so briefly reviewed 
repieseiits a situation which has been attained during the natural development 

TrarM Chem 80 c , 1910, 97, 1806 
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of Organic Chemistry by methods which have now become traditional ^ progress 
has been made by the application of strictly logical methods of interpretation 
to mas«<es of experimental data^ and each new conclusion has been checked and 
verified by the accumulation of fresh contributions in the laboratory The 
<iurenesB of the methods adopted could not fail to lead to the intrusion of 
fctereochemistry into adjacent fields of scientific activity, biochemistry, the 
study of the chemical processes occurring in living organisms, is already largely 
dominated by stereochemistry, and the certainty with which stereochemistry has 
inspired us as to the reality of the molecular constitution of matter is exerting 
a powerful influence in other branches of natural science Quite possibly, 
however, the acquaintance which every chemist possesses of the great progress 
il ready made upon one particular set of lines is to some extent an obstacle 
Lo his appreciation of new directions in which further great stereochemical 
advances may be anticipated 

A little reflection will show that the study of the relation between the 
crvstallme form and chemical constitution or configuration of substances in 
general may confidently be expected to lead to important extensions of our 
knowledge of the manner in which the atoms are arranged in molecular com 
ploxes The earlier crystallographic work of the nineteenth century led to the 
conclusion that each substance affects some particular crystalline form, that the 
regular external crystalline shape is an expression of the internal structure of 
the crystal, and that a determination of the simpler properties — geometrical, 
optical, and the like — of a crystalline mateiial constitutes a mode of completelv 
characterising the substance Later work during the last century demonstrated 
that the properties of crystalline substances are in entire harmony with a simple 
assurrption as to the manner in which the units or particles of the material 
are n»*ranged , the assumption is that the arrangement is a geometrically 
* homogeneous * one, namely, an arrangement in which similar units are um 
f ormly repeated throughout the structure, corresponding points presenting e\ ery 
where a similar environment The assumption of homogeneitv of structure 
imposes a definite limitation upon the kinds of arrangement which are possible 
in crystals it leads to the inquirv as to how many tvpes of homogeneous 
arrangement of points m space are possible, and to the identification of these 
types with the known classes of crystal symmetry The final conclusion has 
been attained that there are 230 geometrically homogeneous modes of distributing 
units or points representing mateiial pai tides throughout space, these the 
so called 230 homogeneous * point svstoms * fall into the thirty t\\ o t j pes of 
symmetry exhibited by crystalline solids The solution of the purely geometrical 
pioblem here in\ohed was commenced by Frankenheim in 1830, and finallv 
completed by Barlow in 1894 it brings us face to face with the much larger 
stereochemical problem — that of determining what the units are which become 
homogeneously arranged m the crystal, why they become so arranged and in 
what way a connection can be established between chemical constitution and 
crystal structure 

Since the conception of homogeneity of structuie alone is cleailv insufficient 
for the interpretation of the more advanced problem some fuither assumption 
must be made as a foundation for any really comprehensive attempt to collate 
the quantities of isolated facts bearing upon the subject Of the many assump 
tions which have been made in this connection onlv one which mav now be 
stated, has as yet pioved fruitful in the sense that it serves to correlate large 
numbeis of known expeiimental facts, and that it indicates the way to the 
discovery of fresh facts The assumption is that each atom in a ciystalline 
structure acts as a centre of operation of two opposing forces (a) a repellent 
force, attributable to the kinetic energy of the atom, and (ft) an attractive 
foice, both forces, like gravity, being governed bv some inveise distance law 
Such an assumption forms an essential part of the classical work of Clerk 
Maxwell and van der Waals on the kinetic theory of gases and liquids Its 
application to solid crystilline substances where it must be applied in con 
junction with the principle of structural homogeneity, was made hy Barlow 
and myself in 1906 

The Operation of the assumption just stated is readily visualised by con 
Bideimg the simplest possible case that namelv of a rrv‘'talline element each 
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molecule of which consists of but one atom and in which all the atoms aie 
similar Consideration of this kind of case shows that the set of identically 
similar centres of attracting and opposing forces will be in equilibrium when 
one particular simple condition is fulfilled, the condition is that, with a given 
density of packing of the centres, the distance separating nearest centres is a 
maximum Two homogeneous arrangements of points fulfil this condition, and 
these exhibit the symmetry of the cubic and the hexagonal crystalline systems 

Since the nature of the two arrangements of points is not easily realised by 
mere inspection, the systems must be presented in some alternative form for 
the purpose of more clearly demonstrating their properties, this is done con 
\eniently by imagining each point in either arrangement to swell as a sphere 
until contact is made with the neighbouring points The two arrangements then 
become those shown in Figs 1 and 2, and are distinguished as the cubic and 
the hexagonal closest packed assemblages of equal spheres , they differ from 
all other homogeneous arrangements in presenting maximum closeness of packing 
of the component spheres The equilibrium condition previously remarked — 
that, "with a given density of distribution of the force centres in space, the 
distance separating nearest centres is a maximum — is revealed in the assemblages 
of spheres as the condition that the spheres are arranged with the maximum 
closeness of packing 

A further step is yet necessary Each point in the arrangements considered 
is regarded as the mean centre of an atom of the crystalline element, but the 
assumption originally made states nothing about the magnitude of the atom 
itself, it IS therefore convenient to regard the whole of the available space as 
filled by the atoms, without interstices This is conveniently done by imagining 
tangent planes drawn at each contact of sphere with sphere, so partitioning 
the available space into plane sided polyhedra, each of which may be described 
as the domain of one component atom The twelve sided polyhedra thus 
derived from the cubic and the hexagonal assemblages represent the solid areas 
throughout which each atom exercises a predominant influence in establishing 
the equilibrium arrangement 

The two assemblages can now be described in a quantitative manner by 
stating the symmetry and also the relative dimensions of each The cubic 
assemblage exhibits symmetry identical with that of the cube or the legulai 
octahedion, a symmetry characteristic of so called holohedral cubic crystals , 
the relative dimensions in different directions are defined by the symmetiv 
The assemblage can, in fact, be referred to three axes parallel to the edges of a 
cube, and as these directions are obviously similar in a cube, their ratios are of the 
form, a h c = l 1 1 This expression indicates that if the assemblage, siij) 
posed indefinitely extended through space, is moved by a unit distance in eitlui 
of the three rectangular directions a, 6, and c, the effect, as examined from any 
point, is as if the assemblage had not been moved at all 

The symmetry of the hexagonal assemblage is identical with that of a 
hexagonal prism or of a double hexagonal pyramid, and is that characteristu 
of the so called holohedral, hexagonal, crystalline system , the relative dimen 
sions are no longer defined entirely by the symmetry, and are conveniently stated 
as the ratio of the diameter, n, of the prism oi pyramid, to the height, c of 
the pyramid The ratio, a c, for the assemblage of spheres under discussion 
can be calculated, it assumes two forms, corresponding to two modes of seUtting 
ilteinative principal diameters of the prism as unit The alternatue ratios ire 

a c = l 1 6330 or n c = l 14142 

This somewhat lengthy theoretical discussion has now reached a stage at 
which it can be applied to the observed facts , the accompanying table (Table I ) 
states the mode in which crystalline substances of different degrees of moleciil ir 
complexity distribute themselves amongst the various crystal systems Of the 
elements which have been crystallographically examined, 50 per cent are cubic, 
whilst a further 35 per cent are hexagonal and consideration of the data foi 
these latter shows that they exhibit approximately the axial ratios characteristic of 
the hexagonal closest packed assemblage , thus magnesium shows a c = 1 1 6242, 
and arsenic the ratio a c=l 1 4025 
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Table I 


I Inorganic Substances, the Number of 
I Atoms in the Molecule of which is 


System 


lespeetively 



Organic 

Sub- 

stances 


2 

\ 

3 1 

Elements 

4 

5 i 

Moio 1 
than 6 

Pfi 

Cubic 

c( nt 
50 

68 5 

1 

42 1 

1 

5 

12 

58 

25 

Hexagonal 

Tetragonal 

35 

19 5 

11 

35 , 

38 

14 () 

40 

5 

45 

19 

5 

6 

7 

50 

Orthorhombic 

5 

30 

23 5 

50 

36 

27 3 

34 0 

Monosymmetric 

5 

1 45 

3 

' ^ 1 

6 

37 1 

47 5 

Anorthic 

0 

' 0 

1 15 

0 1 

2 

8 

70 

Number of cases exammed 
for each vertical column 140 

67 

1 63 

1 20 1 

50 

673 

585 


Whilst the crystal structure of some 86 per cent of the crystalline elements 
seems to be in general agreement with the simple assumption of equilibrium 
which has been made, the divergence presented by about 16 per cent of the 
elements still awaits explanation The previous discussion applies to the 
theoretically simple case of a monoatomic element many of the elements are, 
however, ceitainly polyatomic Imagine, therefore, that in the crystal structure, 
agreeing with the cubic or hexagonal arrangement just described, the similar 
atoms are grouped to form complex molecules, each containing two or more 
atoms, the geometrical effect of this grouping, if any, should be, first, to 
degrade the symmetry of the structure, and, secondly, to slightly alter its 
relative dimensions It would therefore be expected that if the elements which 
are neither cubic nor hexagonal owe their departure from those systems to 
molecular aggiegation, the crystal dimensions should approximate closely to those 
of the two ideal assemblages , this is, indeed, found to be the case Monosymmetric 
sulphur, for instance, exhibits the axial ratios, a h c = 0 9958 1 0 9988, 
^ = 95° 46', the relative dimensions in the three diiections, a, 6, and c, are 
almost the same as in the cubic system, and the angle between the directions 
n ind c is = 46', instead of 90° This substance has nearly the dimensions 

of a cubic crystal, and is obviously ‘ pseudo cubic * , the same is true of all other 
elements which depait fiom true cubic or hexagonal symmetiy 

The crystalline forms presented by the elements are consequently in accordance 
with the assumption that the crystal structures are equilibrium aiiangements of 
the component atoms of the two kinds described It is also indicated tliat 
‘iggr^'gation of the atoms to foim molecular complexes is responsible for the 
dcpaituie fiom simple cubic oi hexagonal symmetry, in this connection it is 
inteiesting to note that the strongly coloured elements depart most widely from 
these two systems Thus, the colourless modifications of carbon and phosphorus 
are cubic, whilst the black graphite is monosymmetiic and the led phosphorus is 
oithorhombic in cijstal form, this is in accordance with the general Mew that 
colour is the i esult of some particular kind of molecular aggregation 

Although so much general correspondence of a quantitati\e character is to be 
observed between the observed facts and the anticipations developed from the 
equilibrium assumption, it has become evident during the last year or two that 
the conception formed as to tbe nature of the equilibrium which determines the 
arrangement of the atoms in a crystalline element is of too simple a character 
In 1912 Laue showed that on passing a narrow pencil of X rays through a crystal 
plate the emer^nt rays were capable of forming a regular, geometrical pattern of 
spots upon a photographic plate placed to receive the emergent beam , the pattern 
of spots thus produced was in agreement with the symmetry of the direction in 
the crystal plate in which the beam was passed This discovery was developed 
and veiy considerably extended by Bragg, who was able to show that an X ray 
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beam undergoes reflection at the surface of a crystal plate The intei riretation 
of the novel results indicates that the homogeneous crystal structure a.tb upon 
the X ray beam much as a solid diffraction grating might be expected to do, and 
that each deflected transmitted ray is a reflection from one set of parallei planes 
of atoms in the crystal 

The experimental and theoretical study of the X ray effects has been } rose 
cuted with brilliant success by W H and W L Bragg, the result being that a 
method IS now available which makes it possible to determine, with very grtit 
probability, the actual arrangement of the constituent atoms in crystal struct uie 
Sufficient time has not yet elapsed for the thorough exploitation of this new 
and fruitful field of research, but many data are available already for om 
parison with the conclusions drawn from the consideration of the equilibria 
possible in crystal structures , it is found that the two methods do not at once lead 
to identical conclusions Thus, in accordance with the first method, the structure 
of the diamond would be indicated as some slight modification of the c ibic 
closest packed assemblage of equal spheres, the modification consisting in the 
mam of a grouping of sets of atoms which leads to the partial cubic symmetry 
which the diamond apparently exhibits , one particular mode of grouping wh ch 
leads to the required result consists in supposing the carbon atoms formed into 
sets of four, tetrahedrally arranged, two oppositely orientated sets of such tetra 
hedral groups being distinguished If each of these tetrahedral groups bo 
replaced by a single point situated at the group centre, the structure which the 
Bragg experiments indicate for the diamond is obtained 

The simple geometrical relationship which thus exists between the two sug- 
gested structures for diamond raises a suspicion that the particular form in whidi 
the assumption of equilibrium is stated requires qualification that possibly the 
domain of the carbon atom when packed with others, as in the diamond, does 
not become converted into a rhombic dodecahedron, but into a polyhedron roughly 
tetrahedral in shape 

Leaving this particular point for the moment and turning again to Table I 
it IS seen Qiat the binary compounds, like the elements, also tend to crystallise in 
the cubic or hexagonal systems, the axial ratios of the hexagonal binary com 
pounds approximate very closely to the value, a c -1 1 6330, calculated for the 
closest packed, hexagonal assemblage of equal spheres The \alues of eja for 
all the known cases are BeO — 1 6365, ZnO—1 6077, ZnS — l 6350, CdS — 1 6218, 
and Agl~l 6392 

Assemblages lepresenting the crystal structures of the cubic and hexagonal 
binary compounds may be derived from the two closest packed assemblages of 
Similar spheres already described, by homogeneously replacing one half of the 
spheres by different ones of the same size The degrees of symmetry piesented 
by these arrangements are not so high as those of the unsubstituted assemblages , 
this IS in accordance with the fact that the crystals themselves ha\e not the full 
symmetry of the holohedral cubic or hexigonal system Thus, on w irming n 
hexagonal crystal of silver iodide, one end of the principal axis c becomes 
positively, and the other negatively, electrified The axis c is thus a polar axis, 
having different properties at its two ends , this axis will be found to be polar in 
the model Again, when hexagonal silver iodide is heated to 145°, it changes 
its crystalline form and becomes cubic , this so called polymorphous change can 
be imitated in the hexagonal model by slightly shifting each pair of layers of 
spheres in the assemblage 

A very close agreement thus exists between the properties of the assemblages 
deduced and the observed properties of those binary compounds which crystallise 
in the cubic or hexagonal systems The remaining 12 per cent or so are not, in 
general, pseudo cubic or pseudo hexagonal, and it is noteworthy that they com 
prise those binary compounds in which the two component elements have not the 
same lowest valency, amongst them are the substances of the compositions, 
PbO, FeAs, HgO, AsS, and CuO 

On comparing the structures of the binary crystalline compounds indicated by 
the foregoing method of consideration with those deduced by the Braggs, dis 
crepancies are again obvious, again, however, the foimer assemblage is converted 
into the latter by replacing groups of spheres by their group centres The rela 
tion thus rendered apparent is once more a suggestion that the type of equilibrium 
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conditions originally assumed is too simple It will be seen, however, that 
the Bragg results furnish a proof of one pari of the assumption made concerning 
equilibrium, namely, that each component atom operates separately, the dis 
cussion of the properties of crystals on the assumption that the crystal structure 
may be regarded as built up of similar mass pomts, due to the mathematical 
physicists of the last century, therefore requires to be reopened Thus, the 
Bragg structure of rock salt is represented by dividing space into equal cubes by 
three sets of parallel planes and replacing the cube corneis encountered along the 
directions of the cube edgea by chlorine and sodium atoms alternately, each 
chlorine atom then has six sodium atoms as its nearest «iiid equally distant neigh 
hours With which of the latter the one chlorine atom is associated to form a 
molecule of sodium chloride is not apparent from the nature of the crystal 
structure 

Time need not bo now occupied with the further discussion of the crystalline 
structuie of simple substances, until the discovery of the X ray effects thus 
briefly desciibed, no direct method of determining those structures was available, 
and, in view of the paucity of the experimental data, only the possibilities of 
iirangement could bo considered in the light of the Barlow Pope mode of treat 
ment It will, however, be useful to review some of the results which accrue 
from this latter method of regarding the problem of crystal structure in general 

Taking the geneial standpoint, which is also in accordance with the Bragg 
lesults, that each component atom of a crystalline structure has a sepaiate 
spacial existence, and premising that the atomic domains are close packed in the 
issemblage in accordance with some particular type of equilibrium law, it 
becomes obvious that crystalline structure presents a volume pioblem The law 
11 rived at aftei a careful investigation of the subject — the so called law ot 
valency volumes — states that in a crystalline stiucture, the component atoms 
occupy domains approximately piopoitional in volume to the numbeis repiesent 
iiig the fundamen^l valencies of the elements concerned , the student of the 
subject of molecular volumes will hardly accept this conclusion without con 
vjiicing evidence of its correctness — it indicates, for instance, that m crystalline 
potassium sulphate, if the atomic volume of potassium is taken as unity, those ot 
sulphur and oxygen each have the value two Many different lines of crystal 
lographic aigument conveige, however, to this law, and, if the lattei is in the 
end found to be incoirect, it at least repiesents something fundamental which still 
awaits enunciation in a moie generally acceptable foim A few illustrative 
instances may be quoted 

If valency be a volume propeity, the relation should be revealed in the 
compositions of chemical substances, especially those of composite character 
The sum of the valencies in potassium sulphate, K2SO4, is 12, and in ammonium 
sulphate, (NH^j^SO^, 24, just twice the number, the two substances are so closely 
related that they crystallise together to form ‘ solid solutions * (isomorphous 
mixtures) Similarly, in the alums, such as K2S04+Al2(S04)3+24H20, the 
valencies are 12+364-96, the sum of the valencies of the water present, 96, is 
just twice that, 48, of those exhibited by the metallic sulphates Similar 
curious numerical relationships occur in each of the well defined senes of double 
salts 

Again, if the valency volume law hold for two substances of different crystal 
line form, such as orthorhombic rubidium nitrate, HbNO,, and rhombohedral 
sodium nitrate, NaNO,, the metal, the nitrogen and the oxygen 111 each com 
pound should have the respective atomic volumes, 1, 3, and 2 As the sub 
stances differ in density the absolute values of the atomic volumes of nitrogen and 
oxygen will differ in the two substances as examined at the same temperature, 
the ratios of the atomic volumes in either compound should, however, be as 
stated Considering this conclusion in conjunction with the fact that these 
crystalline compounds represent symmetrically constructed assemblages, it would 
seem that the relative dimensions of the one crystal structure should be traceable 
in those of the other Orthorhombic rubidium nitrate exhibits the axial ratios, 
a b c = l 7336 1 0 7106, three rectangular coordinates, a, b, and c, being 
used as the directions of reference « rhombohedral sodium nitrate exhibits 
a c=l 0 8276, the coordinates being three axes, a, making angles of 120® in 
01)6 plane, and a fourth axis c, pei pendiculai to a On converting the axial 
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system of sodium nitrate into a simple set of rectangular axes similar to those 
used for rubidium nitrate, the \alue, a c=l 0 8276, becomes 

a b c-17320 1 0 7151 

These values approximate veiy closely to those obtained by diiect nieasuie 
ment of the orthorhombic rubidium salt It seems difficult to avoid the con 
elusion that the two dissimilar crystalline structures are built up by the arrange 
ment of layers or blocks of the same relative dimensions in two different ways, 
the molecule of sodium nitrate, NaNO^, possessing practically the same relative 
dimensions as that of rubidium nitrate, BbNOa, this, of course, is in disaccord 
with the classic conception of atomic volume, but agrees entirely with the valency 
volume law 

Another rcmaikable body of evidence is found in the interpretation of many 
moiphotropic relationships between organic and inorganic substances which have 
been long recognised but have hitherto eluded interpretation The description 
of one or two cases will make the bearing of the law of valency volumes clear in 
this connection 

d Camphoric anhydride, and d camphoiic acid crystallised with 

acetone, CjoHiaO^, 1/2 (CHaljCO, both crystallise in the orthorhombic system 
and exhibit the axial ratios stated in the following Table II — 

Table II 

W a h c Sb y z 

C10H14O3 60 1 0011 1 1 7270 3 2664 3 2618 6 6331 

CioHie04, 1/2 (CH,) CO 74 12386 1 1 7172 4 0436 3 2646 6 6060 

The ratio c/6 is approximately the same in the two cases and general 
similarity exists between the two crystalline substances It will be observed 
that the values oi ajh are very nearly in the ratio of the sums of the valencies, 
W, making up the two molecular complexes, namely, 60 74=100 123 This 
and similai cases may be more conveniently discussed with the aid of the so 
called equivalence parameters, these are the edge lengths, a;, y, and z, of a 
parallelepipedon of which the volume is W, the sum of the valencies in the 
molecule, and of which the linear and angular dimensions express the crystal 
lographic axial ratios Thus, for orthorhombic substance, xyz = W, and 
X y z-a b c, the equivalence parameters of the two substances under dis 
cussion are given in the table, and it will be seen that whilst y and z are almost 
identical for the two, the z values differ considerably This correspondence 
indicates clearly that in passing from camphoric anhydride to the acetone com 
pound of the acid the mass added to the molecular complex, H2O+I/2 (CH3)oCO, 
occupies a volume proportional to the number of valency imits which it 
contributes to the structure 

A very remarkable relation has been long recognised between the ci-ystalline 
forms of the three minerals chondrodite, Mg3(Si04)a, 2Mg(F,OH), humite, 
Mg5(&iO^)3, 2Mg(F,OH), and clinohumite, Mg7(Si04)4, 2Mg(F,OH) , the crystal- 
line forms are referable to three rectangular directions, a, 6, and c, and the 
ratio a 6 IS practically the same for all three minerals The relationship is at 
once elucidated by the law of valency volumes in a simple manner In the 
molecules of the three substances the sums of the valencies of the constituent 
atoms are respectively 34, 48, and 62 , it follows from the law that these numbers 
are proportional to the relative volumes of the several molecules The ratios, 
a b c, being known, the dimensions can be calculated of solid rectangular 
blocks having these volumes and having edge lengths proportional to the axial 
ratios, a b c The equivalence parameters, x, y, and z, thus calculated are 
given in Table III , the first observation of importance to be made is that the 
equivalence parameters, x and y, remain practically constant throughout the 
series of three minerals 

It will be seen that chondrodite and humite, and humite and clinohumite, 
diffei in molecular composition by the quantity, Mg2(SiOt) , they foim a senes 
in which the increment of composition is Mg3(Si04) Subtracting this incie 
ment from the composition of chondiodite, the residue, Mga(Si04), 2Mg(F,OH), 



PRESIDENTIAL ADDRESS 


333 


IS left This IS the composition of the mineral prolectite, and the increment, 
Mg^(Si 04 ), IS the composition of the mineral forsterite 

If the law of valency volumes be correct the equivalence parameters ot 
forsterite should be the x and y of the first three minerals, and a value z which 
IS the difference between the z values of chondrodite and humite, or of humite 
and clinohumite, further, prolectite should have x and y values identical with 
those of the other four minerals and a z value which is the difference of the 
z values of chondrodite and forsterite It is thus possible to calculate the 
equivalence parameters of forsterite and prolectite without using data deter 
mined on these two minerals, and to compare the values so obtained with those 
calculated from the observed axial ratios of forsterite and prolectite All the 
values referred to are given in Table III , and it will be obvious that the agree 
ment between the calculated and the observed equivalence parameteis is very 
close, as this agreement could not occur without the operation of the law of 
valency volumes, which was deduced from entirely different data, strong con 
finnition of the accuracy of the law is provided 

Tablf III 


Mineials 

W 

Axial Ratios 

Equivalent Parametei s 

2/W 




a 

h 

c 

X 

V 

z 


Chondrodite 

34 

1 08630 

1 

3 14472 

2 3367 

2 1510 

6 7644 

0 19895 

Humito 


48 

1 08021 

1 

4 40334 

2 3343 

2 1610 

9 5155 

0 19824 

Clinohumite 

62 

1 08028 

1 

5 65883 

2 3384 

2 1646 12 2491 

0 19756 

Prolectite 

observed 

20 

1 0803 

1 

1 8862 

2 3130 

2 1414 

4 0385 

0 19977 

Prolectite 

calculated 20 

10818 

1 

1 8618 

2 3365 

2 1589 

4 0211 

0 19968 

Forsterite 

observed 

14 

1 0 9296 

1 

1 1714 

2 3426 

2 1778 

2 7442 

0 19601 

Forsterite 

calculated 14 

0 9240 

1 

1 1741 

2 3365 

2 1589 

2 7433 

0 19585 


The several illustrations of the operation of the law of \alency \oliimes have 
been quoted m detail for the purpose of showing how difficult it is to a\oid the 
conclusion that this deduction represents some physical reality It may be 
tiaced m '^onnection with quantitative data of other kinds, during the last 
few years it has been very successfully applied by Le Bas to the interpretation of 
the molecular volumes of liquid substances 

From what has been already said it will be seen that the great problem as 
to the relation between crystal structure and chemical constitution, of which 
the solution seems imminent, is a stereochemical one , assemblages must be built 
up in accoi dance with the principle of homogeneity and in some form of close 
packing, in which each component atom of a chemical molecule is lepresented 
as the sole occupant of some specific solid area The properties of these 
assemblages must also be in agreement with the crystallographic measurements 
and the X ray photographs yielded by the substances represented 

A brief indication may be given of what has been already effected in this 
connection The normal paraffin hydrocarbons of the general composition 
CnHjn+a consist of a chain of the composition (CH 2 )n, to each end of which 
one hydrogen atom is attached, in accordance with the principles already 
indicated, a close packed assemblage of the empirical composition CHj can be 
constructed from carbon and hydrogen spheres of the respective volumes 4 and 
1, of such a nature that it can be divided by planes into blocks, each made 
up of strings of the composition (GH,)n, or CH^ CH^ CHj GHj At each 
plane of cleavage of the assemblage hydrogen spheres can be inserted in appro 
priate numbers so that close packing is restored when the cleavage faces are 
brought together again, the assemblage will then have the composition 
H (GHj)n H, and may be geometrically partitioned into units each representing 
one molecular complex of a normal paraffin It is noteworthy that these units 
exhibit the configurations indicated by the van *t Hoff Le Bel conception for 
the normal paraffins Other assemblages can be constructed which represent 
in a similar manner the secondary and tertiary paraffins, and all these 
assemblages are of one particular geometrical type, that which corresponds to 
the chemical behaviour characteristic of the paraffins In these assemblages 
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replacements may be effected so as to introduce new geometrical features of 
arrangement corresponding to the presence in the molecule of an ethylenic or 
an acetylenic bond, and thus other classes of hydrocarbons can be represented 
in accordance with the conception of close packing , the process can be extended 
to the polymethylene and aromatic hydrocarbons and to their substitution 
derivatives, and throughout a close correspondence is observed between the 
numbers of isomerides possible, with their constitutions and configurations, and 
the experimental facts 

Many considerations indicate the fruitfulness of the mode of regarding 
organic substances just briefly sketched , One may be more particularly specified 
An assemblage representative of benzene has been suggested which accords with 
the crystalline form and chemical properties of the hydrocarbon, and can be 
geometrically partitioned into units, each representing a single molecule The 
equivalence parameters of the substance are 

X y 2 = 3 101 3 480 2 780 

The dimension y is twice the diameter of a carbon sphere, and that of z slightly 
less than' the sum of the diameters of a carbon and a hydrogen sphere Now 
a dimension approximating closely to the z value for benzene can be found 
amongst the equivalence parameters of large numbers of aromatic compounds, 
indicating that in these crystalline substances the benzene complexes are stacked 
one upon the other so as to preserve the z dimension, but that the columns so 
formed are pushed apart in the derivatives to an extent sufficient to admit of 
the entrance, in close packing, of the substituting radicles A few cases of 
this kind were quoted by Barlow and myself, and many others were discovered 
by Jerusalem, ® quite recently the subject has been subjected to a very thorough 
quantitative examination by Armstrong, Colgate, and Rodd ' The exhaustive 
nature of the experimental work of these latter authors and the care with which 
their conclusions are drawn leave little room for doubt as to the accuracy 
of then mam contention, namely, that the ciystallographic method affords 
material from which the stereochemical configuiations of iiomatic substances 
can be deduced 

If crystallography is to be used as a tool in the seivice of stei eochemistry 
in anything like the way which has been briefly sketched in this addiess, a 
number of importdiit results should accrue We have seen that in the structuie 
assigned to rock salt, each sodium atom is identically related to six chlorine 
atoms, only when the crystal is disintegrated by solution in water does the 
necessity arise for a choice to be made, the sodium atom then selecting one 
particular chlorine atom as a mate Even then the sodium chloride molecule 
present in solution appears to spend the greater part of its time in dissociation, 
namely, in the act of changing its partner There is thus in the theory of 
crystal structure something which bears a supeificial relationship to electrolytic 
dissociation, and the further study of this aspect of the subject may be fiuitful 

Again, the solid crystalline structures which we have attempted to build 
up present, as one essential feature, the piopeity that they can be partitioned 
geometrically into unit cells, each composed of one molecule of the substance, 
thus, the rock salt structure can be partitioned into cells each representing the 
molecule NaCl In this instance, the partitioning can be performed in a variety 
of ways corresponding to the allocation of one particular sodium atom to 
either of six chlorine atoms, the alternative modes of partitioning lead to the 
production of molecular units of identical configuration In many cases, how 
ever, alternative methods of geometrically partitioning the assemblage represent 
ing the crystalline structure do not yield units of the same configuration , thus, 
the assemblage representing phloroglucinol can be geometrically partitioned in 
two distinct ways Each of these gives a unit of the composition CftHgOa, but 
the configuration of the unit of the one partitioning corresponds to the chemical 
structure of the 1 3 6-trihydroxybenzene, 
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vvliilbt tho other exhibits the structure of the symmetrical triketohexamethylene. 



\ new sUjjge-'tion is thus made to the effect that tautomerism consists in the 
possibility of geometrically partitioning the close packed assemblage in two or 
more alternative ways, each giving molecular units of the same composition but 
of different constitutions The idea that in the occurrence of tautomerism 
'’ome component atom wanders from one position to another in the molecule 
IS thus rejected , the change in constitution arises from the transference of atoms 
as between two or more molecules As the older conceptions of the mechanism 
of tautomerism do not provide a satisfactory explanation of the experimental 
facts, the suggestion now made is perhaps worthy of consideration 

The new line of work has many bearings upon the subject of chemical change , 
thus, the assemblage which is assigned to acetylene (or methylacetylene) is con 
veitible, by symmetrical distortion, into that representing benzene (or the 
1 3 6-trimcthylbci zene, mesitylene) Further, the great change in chemical 
behaviour which acompanies many types of chemical substitution is possibly 
Lonuected with the manner in which the actual atomic volumes are affected by 
the leplacement, on converting benzene, in which the atomic volumes of carbon 
and hydrogen are as 4 1, into bromobenzene, a considerable increase in 
molecular \oluii Ovcm^s The atomic volumes of carbon and hydrogen still, 
presumably, piesei ve the 4 1 ratio, and the volume appropriated by the entering 
bromine atom is approximately the same as that occupied by each hydrogen 
atom already present, the actual atomic volumes of carbon and hydrogen must 
thus be supposed to have increased during the production of bromobenzene It 
can hardly be supposed that this fundamental volume change, even apart from 
a distortion of the aromatic ring arising from slight inequality of hydrogen and 
bromine atomic domains in the molecule, could occur without the exhibition 
of considerable differences in chemical properties as between benzene and 
biomobetizene 

Whatt ver view may be taken as to the accuracy of the conclusions concetmng 
the relation between crystal structuie and chemical constitution which are 
briefly discussed in the present Address, no critic will be disposed to doubt 
that wide developments in chemical science will result fiom the cultivation of 
crystal study, it seems clear that any satisfactory theory of the solid state 
must be largely crystallographic in character The chief hindrance to progress 
at present consists in the lack of chemists trained in modem crystallographic 
methods, in my own country the only school in which chemical students were 
trained in Crystallography, dissociated from Mineralogy, was founded by 
Dr Henry E Armstrong and &ir Henry A Miers in 1686 After doing a vast 
amount of valuable educational work this school has recently been allowed 
to become extinct 

In a Presidential Address to the Mineralogical Society in 1888, Mr Lazarus 
Fletcher remarked that ‘ a knowledge of the elements of Crystallography, includ 
ing the mechanics of ciystal measurements, ought to be made a bine qua non for 
a degree in Chemistry at every University * Twenty five years later we find 
that no European University has applied this principle, and in consequence the 
chemical crystallographer has the greatest difficulty in making himself intelligible 
to his purely chemical colleagues May I, in concluding, express the hope that 
the Colonial Universities, less fetteied by tradition than their older sisters, may 
lead in the woik of placing the subject of crystal structure m its legitimate 
position as one of the most important branches of modern Physical Chemistry ^ 


The following Papers were then read — 

1 Residual Affinity and Co ordination By Piofessor Gilbert T 
Morgan and Henry Webster Moss 

The molecular structures now known as co ordination compomids owe then 
stability not merely to the forces (piiiicipal valency and lesidual affinity) 
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emanating from the central atom, but also to the mutual attractions exerted on 
one another by the co ordinating or associating radicals or groups It is pre 
cieely those xadicale or groups possessing considerable residual affinity which 
function most frequently in the formation of co ordinated complexes The 
general tendency to form hydrated and ammoniated metallic salts is to be 
attributed *m the main to the capacity for assoaation exhibited by water and 
ammonia molecules respectively 

The phenomenon of co ordination may be compared with the formation of fog 
in moist air contammg minute dust particles, and it is even more closely akin to 
the formation of the large ions of the atmosphere by the association of small 
ions with uncharged invisible water drops 

The size of the atomic volume of the central element has a threefold influ 
ence on the stability of co ordmation compounds First, if the atomic volume 
IS small, the residual affinity of the atom is exerted in a more concentrated 
form Secondly, the co ordinating molecules or radicals can approach nearer 
to the centre of the central atom when its volume is small and therefore nearer 
to one another so that their mutual attractions become more effective Thirdly, 
as the dimens'ions of the co ordinating molecules or radicals are of molecular or 
atomic magnitude, these segregating units will fill more completely the available 
space round an atom of small volume than that round an atom occupying a 
larger sphere This filling up of the available space also conduces to stability, 
as is manifested by many stereoisomeric compounds 

The number and arrangement of the associating units have also an important 
bearing on the stability of the co ordination complex It is obvious that the 
most stable system will be that in which there is a symmetrical distribution of 
the forces interacting between the associating units, a condition which is 
attained by taking such a number of units that they can be arranged <^ymmetii 
cally ovei the surface of a spheie This problem has but few solutions, mas 
much as there are only five regular solids, the tetrahedron, octahedron, cube, 
icosahedron, and dodecahedron, with foui, six, eight, twelve, and twenty vertices 
respectively These integers will be the coordination numbeis coi responding 
with the theoretically possible most stable systems Molecular aggiegations exist 
corresponding with four of these arrangements — that is, with all possible cases 
except that of the dodecahedron Theie are also examples of less symmetric 
airangements which become stable m certain circumstances 

In addition to the centiic coordination complexes with associating units 
ai ranged round a cential atom, it is highly probable that co ordination some 
times leads to cyclic arrangements, as, for example, in the following instances — 
The basic glucinum acetate, butyrate, &c , the dichloi'ide and dibromido of 
molybdenum, and the i eduction products of the pentahalides of columbium and 
tantalum 

As an example of the application of the co oidination theoiy to compounds 
of technical impoitance may be cited the case of the lakes of acidic colouiing 
matters developed in mordant djeing The simplest of these are the non, 
chromium, and cobalt lakes of the ortho quinoneoxime dyes, which aie 
undoubtedly internally co ordinated compounds 


2 A Device for the Representation of the Natural Classification of the 
Elements By Professor Orme Masson, F R S 


TUESDAY, AUGUST 18 

Joint Discussion with Section A on the Structure of Atoms and 
Molecules — See p 293 
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WEDNlChDAY, AVUUST 19 
The following Pdptib weio read — 

J 1 Neiv Method for the Velerminalion of Vapour Pte^burcb and an 
K lamination of a Source of Error in arlain Dynamu al Mclhodb 
By F II Campbell, M Sc 

bmee none of the accepted methods is suitable toi the deteiiniiiation of the 
> ipoui piessure of a binary mixture of a volatile with a non volatile liquid a 
new method has been devised foi the purpose 

The principle used is that of alio wing a liquid saturated with a suitable gas, 
usuilly hydrogen, to evapoiate into in enclosed space hiled with the same gas at 
the same temperature and pressuie, the latter being approximately atmospheric 
The extri pressure exerted by the vapour is measured by means of an open 
mercury manometer after the volume has been restored to its original value by 
means of a levelling vessel The method can be applied to volatile organic liquids 
of many kinds, since they come into contact with gliss and meicuiy only The 
liquid IS enclosed in a glass tube piojecting thiough i iiibbei stoppei, which 
closes III opening it the bottom of the vcasol, the stojipci being piotectcd from 
the action ot the Inpnd by i liyci of miicui> When the ippiritiis has icached 
the ttnipei ituie ot the const int tcmpci iturc bath in which it is inimeiscd, the 
tube, picviously deeply sci itched, is btoken by gentle sideways piessure on the 
pioieiting end Situiition of tlic gis by the \ ipoui is hit'll ned by gently 
sh iking the appiiatus 

ll(\peinnents hue been in idc with the following liquids tnd gises Methyl 
ihohol etlnl ilcohol diethvl etlni, ( iibon disulphide ehloiofoim ind water, 
iNapoiiting into c iibon dioxide, in Indiogen, ind in the case of ehloiofoim, 
iiitiogen 111 idditioii In c\ei\ < ise the values obt lined, though \eiy con 
eoidaiit, lie lowci than the most leliibh lesiilts obt lined bv the oidinaiy stitn 
method lln magnitudo of the erioi evidently defH?nd> on the ^oliibilitv of the 
piitnulii gis 111 the piiticiilii Iniiiid is it diminishes in enh i ise, except tint 
ol wild in the oidci ciibon dioxieh, in hydiogin 'With witii it (’ 

the lesnlts obtained with iii ind hydiogiii iie pintnillv identii il 1 he 
dioi when hvdiogcn is used is geiici illy less thin 1 fiei < ent , and it is con 
sideicd that the agiecment is suthcient, is with mixtuies the ratio between the 
obsdvid pitssuie of tin solution anil tint ot the pine volitile solvent n to be 
coiisideied With in the eiiois iie fiom 2 to b pei cent and it is roncliided 
that methods depending on the sitiuation of a cinient ot a gas passing through 
ni over •>oliitioii and pine solvent must theietoie involve moie oi less eiioi from 
tins c luse i f ict which does not seem to have been appreciated in the past 
Pcimaii (‘Pio( Rov Soc ’ 1903, 72 72) and Kiauskopf (‘ J Phvs Them 
1910, 14 , 489) obtained satisfutoiy lesiilts with vvatci, although those of 
Kcgniult ( Ann (him Phvs ls45 (3), 16, 129) ind 1 nnniami (‘ Wicd Ann' 
18^, 28, t22), which aic lovvei thui those obtained b\ ♦he stitic method aie 
bi ought into satiofictoiy agieemeiit with these upon the authoi’s assumption, 
which indu ites Hut the eiiois nitioduccd by the picscmc of i disst)l\td gis 
lie negligible undei ceitaiii conditions 


2 I A(//; Method foi Jclcnmniny ik( ffiot^ nf f iquuls 

By Ernst Joiivnnes Hvkii B Sc 

The method desciibed, which vv is suggested by Piofcssoi Oiinc Masson, la 
a modification of the mixtuie method foi detei mining specific heats The 
piinciple consists in measuiing the loweimg in temperatuie of a known amount 
of the paiticulai liquid on the introduction of i definite weight of diy ice 
contained in a thin glass bulb The caloiimeter is a thin glass vessel of about 
one hundred cubic centimetres capacity, and is suppoited inside a silvcied Dewar 
tube A well fitting rubbei stopper closes the mouth of this tube, making the 
appaiatus an tight Thiough the stopper is fitted a Beikmaiin thermometer 
and also a thin glass stiiring rod, the lowei end of which is suitably shaped to 
receive the small ice bulb A tnird hole, lined with glass and closed with a 

1914 z 
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well fitting glass stopper, passes through the lubber stopper and selves for the 
introduction of the ice bulb This last consists of a small sealed thin glass 
cylindrical bulb, containing a definite weight of distilled water and also as much 
silver gauze as possible The last ensures rapid heat conduction, and makes 
the bulb heavy enough to sink in dense liquids The bulb is suspended by a 
fine platinum wire 

The liquid to be expeiimented with is introduced into the caloiimetei by 
means of a standardisation pipette, and the apparatus is closed until constant 
temperature is attained The ice bulb has meanwhile been frozen in a meicuiy 
bath supported in an ordinary freezing point apparatus When the tempera 
ture of the mercury is constant at from —3° to —4°, the bulb is removed by 
its suspension and rapidly introduced into the lower pait of the stirring lod in 
the cdlorimetei The liquid is then stiiied by hand until constant temperatuic 
IS again attained, which usually requires about thiee minutes Radiation ror 
rections aie then applied and the specific heat of the liquid calculitcd, the heat 
capacity of the ice bulb being accurately known The expciiments should bo 
performed in a loom legulatcd to constant temperatuie 

The advantages claimed foi the method ire its simplicity, its i ipidity, ind 
its acciii icy Lxpoiiments with watei it 25'^ 0 gave consistent lesults igieeing 
to within 0 4 pel cent When ether was used, it was found necessiiy to coit the 
rubber stoppei with tinfoil in order to piotect it The lesiilts with ether at 
25° C igrced to within 14 pei cent (the vapour piessure of ethei at this tern 
Iieratuie is 545 mm ) The specific he its of several sulphuric acid w iter mixtures 
were also measured and compared with the classical results of J Thomsen The 
average diveigence was less than one per cent burthei measinements with 
different liquids aie now in pi ogress 

The ippiiatus desciibed is not suitable foi a viscous liquid (such is 
glvcerine) owing to ineflicicnt stirung By having uiothti liquid thin w itei 
in the ciiiicr bulb, the scope of the method cm piobably be extended 


8 The InflueiKe of 11 callif i Coiuhlions upon the iinounls of i< id 

and of I^ilroub Acid in Hit UainfaU luar Mdbournc, Aiiblniha Bij 

V C ANDLUbON 

Duly deteimiiiitioiis of the amounts of iiitii« icid and of nitious avid in 
the lainfall at Cinteibuiy, iicai Melbourne, have been made since Novtmbei 1, 
1912 Ihe lesults to hebiuaiy 28, 1914, when correlated with meteoiological 
data for Melbourne and daily isobaiic charts ol Austialn, icvcal the existence 
of i iclation between wcithci conditions and the amounts ot nitrogen icids in 
lain vvatei 

The concciitr itioii of iiitiu acid reached a maximum in sinnmei, a minimum 
in winter, md an intermediate position duiing autumn and spiiiig The 
concenti ation ot nitrous acid leached a maximum in wintei, and a minimum 
in summer The latio of nitiic nitrogen to nitrous nitrogen wis highest in 
summer and lowest in winter On miny occasions dining winter the ratio w is 
approximately as 1 1 A relition between atmospheric temperatuic and this 
ratio was noted Its iiatuie was shown by plotting the mean minimum tern 
peiature of each month with the mean monthly ratios, the cuive being ot the 
same type as those which express changes of chemical velocity with tempeiatuie 
The ratio is doubled tor equal increments ot temperature hrom the results it 
would appear that in rain water nitric and nitious acids are toimed in equal 
molecular proportions, and that, if the ratio could be determined instantly, oi 
before any change could ensue, it would invariably be as 1 1 In cold weathei 

the velocity is retarded to such an extent that little change occurs even after 
comparatively long periods , hence the increased amounts of nitrous acid found 
in winter In hot weither, the velocity being greatly increased, the lesidual 
amounts of nitious acid are very small, nearly all having been converted into 
nitric acid The facts point to atmospheric nitrogen peroxide as the source of 
nitric and nitrous acids in ram water^ as this gas reacts with watei, forming 
these acids in equal molecular proportions 
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In a graph plotted with daily concentrations of total (nitric plus nitrous) 
nitrogen as abscissae^ and with rainfall as ordinates, the points are found to 
arrange themselves into a series of rectangular hyperbolae Further, each group 
of points lying along a particular curve is found to coi respond with falls of rain 
occurring during one particular type of weather From this it follows that for 
i pirticulai type of weather (1) the concentr ition of oxidised nitrogen varies 
inversely as the rainfall , (2) the product of the concentration and the rainfall is 
constant, (1) the total weight per unit aiei of oxidised nitrogen piecipitated 
^Mth lain falling during twenty four hours is constant In brief, the amount 
of oxidised nitrogen pei acre carried down by lain falling on any day is a 
function of the type of weather, ind, within certain limits, is independent of 
tho amount of rainfall These ficts miy be explained by assuming that for 
each type of weather there exists in the air a definite concentration of nitrogen 
peroxide, and that this soluble gas is completely washed out of the air by tho 
first portions of a shower any further run falling through the now purified 
air not increasing the amount of oxidised nitrogen in the ram water, but, by 
dilution, decreasing the concentration 

Nine well defined recurring types of weather have been investigated These 
mi> be classified into three groups, as follows (1) Antarctic types, (2) Tropic il 
types, (3) Divided control (Antarctic and Tiopical) types The accompanying 
tible shows the number of examples of each type investigated together with 
tlie oxidised nitrogen constant in pounds per thousand acres, foi each type 


I 


Antarctic Types — 

A shaped Antarctic 
depressions 
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Tropical Types — 

Tropical (or [ (7) spnng and autumn type b 

monsoonal) (/i) summer typo 3 

depressions I (i) ‘ heat wave ’ type 2 

Divided Control Types — 

{d) Antarctic depressions with dight Tropical , 

influence ' b 

(e) Antarctic depressions with strong 3 ropical 

influence 4 

(/) Tropical depressions with ^Itghf Antarctic 1 

influence 5 


16 0 
24 0 

r>o 

6 1 
8 5 
12 0 


4 A Compaiison of the Phenomena of the OLtlu'^ion of Hy(ho<i(n hi/ 
Pallculiwn and by Charcoal By T>i \ Hon 

When all the known facts concerning the occlusion of hydrogen bv palladium 
and by charcoal aro examined and compared, it appears that, in the case of 
charcoal, absorption and surface condensation, without chemical action, occurs, 
but with palladium the evidence is in favour of the foimation of a compound 
in addition to surface condensation In both cases there is evidence that alio 
tiopes of the occluding solids exist, one allotiope oi eluding gas with far greater 
aviditv than the othei 
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Sydney 

FlilDiY, U GV^T 21 

The following Papeis weie read — 

1 Non Aromatic Dia^onium Salts By Professor Gilbert T Morgan 

and Joseph Efilly 

The diazotisabihty of an oiganic primary amine is in all probability con 
nected with the piesence in the basic molecule of an unsaturated group, for it 
has not yet been found possible to diazotise the salt of any primary b ise having 
its amino group attached directly either to a fully situi ited radic il or to i tom 
pletely hydrogenised ring 

It IS, howevei not essentiil tint the unsituiated ladical should be iiomitu 
or homocyclit in chiiattei, ind <eitun non iiomitic imines aie known to 
possess ui viiying degiees the pio})erty of diazotisabihty This propeity has 
been demonstiated in the tast ol the following heteiocvdic bises not meielv by 
detecting the piesence of dnzo compounds in solution but ilso by theisolition of 
the duzonium silts 

4 Amino 1 phenyl 2 3 dimethylp>ri7olone (4 ammo intipyiine) when dnzo 

tised with ethyl nitiite in hydiochloiic icid furnishes i well defined nystillis 
able diazonium hydrochloride (C,, H,, 0 Cl) HCl from which the crystal 
line dichromate 0 N ^7 > auiichloiide (C,^ 0 N4)AuCl4 and 

platinichloride (C^, H,, O N^) PtClg of normal composition have been prepared 

4 Ammo 3 5 dimeth^lpjiazole a bise containing no aiomatic substituent 

whatever, gave use to a remaikably stable colon i less diazonium ohloiide, crystal 
Using with great facility, and peimanent undei ordinal y atmospheric conditions 
Although the parent base forms a dihydiochloiide, C H,, N, 2HC1, one of the 
salt forming centies disappears m diazotisation, the dia/onium chloiide 
C H, N4 Cl conesponding in composition with the salt of a monacidic base 

The replacement of the dia/onium group by a triazo radical restores this 
suppressed salt forming centre, the product, 4 tnazo 3 5 dimethyl pyrazole being 

a basic compound which has the remarkable property of developing character 
istic colorations with phenols in alkaline solutions 

Aminomethyltriazole can be diazotised in nitric acid solution without loss of 
diazo nitiogen, ilthough in hydrochloric acid effervescence is copious even at 
QO C 

The diazotisabihty of wool is usually attributed to the presence in this 
material of aromatic ammo groups, but in view of the foregoing results it 
appears possible that the interaction of wool and nitrous acid may be due in 
part to the presence of heteioc>chc rings comparable with those of the pyrazole, 
triazole, or thiizole senes 

2 The Synthesis of hoquuiolnip illaloKh E?y Piofessoi E Eobinson 

Many pseudo bases of isoquinohne type — for eximple, cotarnine, hydra 
stinine, berbeiine, isoquinohne methyl hydroxide — readily undergo condensa 
tions with the most varied classes of organic substances, and the greater 
number of these reactions can be generalised in the scheme — 

R 

^CHOH-NMe— + HR — CH— NMe— + H,0 

The interest of these condensations is very much enhanced by the fact tint 
they yield substances closely allied in constitution to the naturally occurring 
isoquinohne alkaloids, and for instance cotarnine (I) with meconine (TI) gave a 
small yield of a gnoscopme (III) resolvable by means of d bromocamphor 
Bulphonic acid into d narcotine and I narcotine, the latter proving identical with 
the natural base occurring in opium Cotarnine and nitromeconine react with 
great facility and give rise to a nitro base from which by elimination of the 
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nitro group a stereoisomeric P gnoscopine is obtained, and this is convertible to 
a gnoscopine by prolonged heating with aqueous alcohol By similar methods a 
stereoisomeride of hydrastme has been synthesised These condensations also 
open up a method of synthesis of phenanthrene alkaloids (morphine group), and 
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it IS along these lines tint fuithei vvoik is being piosecuted Up to the present 
111 isomeride of ipomoiphitio dimethyl ethti is the only eximple of the appln i 
tioii of the piocess Jt is probiblc that the mechinism of the pseudo base 
condensation involves the stages 
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XHOH~N —CH - N— + nil -> -CH = N— 
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— CH— NMe— 


i Mtw whuh ie(ei\e!s suppoit lium the itinaikabit lapidit^ ot the leaitions and 
fiom tlu obseivatioii that the> ocdu with gieitest readiness in ionising sohents 
It IS ilso consideied extiemtlv probible tint siuh condensations ha\e an 
iinpoitint roh in the synthesis of ilkaloids iii plints 
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.CHOH 
^ ^NMe 




CH., 


ch/ 


CHO>^ 

0,N 




It IS hoped that this substiiue will toiin a suitable stai ting point for a 
synUitsis ot dKentiine On leductiou by stiimous chloride these bases yield 
ammo ketones, which can then bo fuithei uduced to fully satuiated bases by 
moms of amalgamated zim uid h^diochloiie and ^e\tial bise^ Minilar to the 
abo\e ha\e been prepaied 
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4 The ilnfluence of Suhsiiiuenis on the Velocity of Saponificaiton of 
Phenyl Benzoate By Di tl McCombie 


5 The Colouring Matters of ccf tain Marine Of fjannnib ByOi A Ifovi 

The colouiiiig matteis of Duizona viridis and Syntithys Hebridtcus have 
been shown to be due to a green body very simil'ii to chlorophyl, and a puiple 
substance which appeals to be a dibromindigo This purple compound is only 
found on the suiface of the Asddiaii Colony, and it is concluded that it acts as 
an oxygen caiiiei, since wlien the organism is alive ind healthy it is not pro 
duced Undei these conditions it would be maintained as the colourless leuco 
bodv, but Avitli the death of the colony cliangcs in metabolism take place and 
oxidation pioduces the colour The gieen pigment is veiy possibly due to i 
symbiotic alga These pigments have been compired with those obtained fiom 
diifetent species of Murex iiid from Bonclha 

6 Ihe Corrosion of lion and Steel by Artesian Voters in New South 

Walts By riofessoi Fawsiii 

7 Ike L se of Vastc Oases of Combustion for Fire Kitiiutive and 

Fumigating Piirposi s By Di 0 Harkeh 

The cxpeiinients of Clowes and Icilman on the extinctive pioperties of 
flames have shown that the tiames of oidinaiy subst lines iie extinguished 
when the oxygen in the atmospheie is leduced to about 15 pei cent Ihe 
extinction of solid mateiial, as foi example ignited coal, lequiies a lowti i)ei 
centage of oxygen, and takes time owing to the need foi a cooling effect Flue 
gas fiom ordinal y boileis burning coil or coke does not geneially contain moio 
than 9 oi 10 per cent of oxygen, and if pumped into a space so as to displace 
the an will rendei the atmospheie file extinctive ind will also be destiuctive to 
lats and other aeimiii hoi piictical pui poses the flue gas must bo cleaned ind 
cooled before use, ind foiiiialdehydc v ipouis are sometimes added to it 
Seveial inst ill itions miking use of this pioeess aie now in opeiation 

b 2 he Fj it rat lion of Badium from Austiatian Oils 
By S Radoliff 

(1) A shoit account was given of ill known occuii cnees of radioactive iiiiiicials 
in Austialia 

(2) The methods now in use at the Sydney woiks of the Radium Hill Co foi 
the extraction of radium from the complex ore found at Olary, neii Broken Hill, 
were described 

(3) The results of an cximination of the vaiious ladioactive precipitates 
separated in the course of the works opeiations were given, together with the 
methods employed in working up preparations of ionium and actinium 


9 The Inversion of Cane-sugar by Acids in Walci alcohol Solutions 
By George J Burrows, B Sc 

The rates of inversion of cane sugar by hydrochloric acid and sulphuiic acid 
have been determined in water alcohol solutions up to 75 per cent alcohol 
In both cases a minimum velocity has been found foi a solution containing 
about 50 per cent alcohol by volume From the results obtained it is evident 
that the velocity of inversion is not proportional to the concentiation of hydrogen 
Ions in such a senes of solvents The similaiity between the curve representing 
the \ariation of the inversion velocity with the composition of the solvent and 
the viscosity curve for these mixtures led the author to conclude that the rate 
of catalysis by acids is a function of the fluidity of the medium 

The lesults foi the iiiveisioii velocity show that the lattei is not diiectly 
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proportional to the fluidity of the solvent It was assumed that the effect of 
fluidity on catalysis is similar to its effect on ionic mobility as determined by 
electrical conductivity Hence by dividing the inversion velocity by the con 
ductivity of the acid in the particular solvent the result obtained expresses the 
activity of the catalytic ion in this medium In this way it was found that the 
activity was far greater in 70 per cent alcohol than in water 

It was therefore concluded that catalytic hydrolysis is retarded by the 
addition of water in the same way as esterification and other similar catalytic 
reactions 


MONDAY, ATJOUfiT 24 
The following Papers were read — 

1 On Explosions in Gases (v ith Demonstration) 
By PTofe‘^soi H B Dixon, F R S 

2 Chemual (Wystallography (with Demonstration) 
By Piofcssoi W T Popr, F B S 


TT FAD , it Cl ST 25 

Joint Discussion with Section M ( [(fucidtuie) on VitahoJism — 

See p 66^ 


The following Paper, opening a Discussion on Cjanogenesis in Plants, was 
then lead — 


The Cyanogenetic Plants of New South Wales 
By J\MFS M PFTHir, D Sc 

Of the plants growing m New South Wales, over a thousand species hi\e 
been eximined for hjdrocyinic acid ind iiiogenctic gliuosides Sixty of these 
give positive lesiilts with sodium pnrate papei These include tort;y foui species 
iiitive to New South Wales in seventeen Natuial Ordeis 

Some j)l lilts well known to be evanophone in Fuiopc, when giown in this 
Stite have nevoi given any reiction, although tested in all seasons 

Only a few wcie found to evolve fiee hydrocj inic acid iiitmill}, but all 
sliowed the piesence of a gliicosidc and enzyme 

When the iiatui il en/ymes in these plants weie killed by boiling watei, the 
reiction to sodium picrate papei ceased, if then a few drops of emulsin, pre 
piled fiom sweet almonds, weie added, positive leactions were igain obt lined, 
showing thit in ill cises the glucosides present in the plants weie capibh of 
being hydiolysed by emulsin 

Of the sixty species stated, twenty are glasses, and these inclinle eleven 
species indigenous to this State The Sorqhym vulqare examined by Dunstan 
ind Henry was found to lose its glucoside when touiteen inches high, while the 
Australian grown plant retains it when four feet high, and mature Both 
glucoside and enzyme slowly disappear with air drying 

One hundred and fifty species of grasses weie tested systematically for 
seasonal variations, and some were found to give negative results at particular 
seasons Two species of grasses alone ev’^olved free hydrocyanic acid, and only 
one of these is available for grazing This is the only one, except the sorghums, 
which has been associated with fatalities among stock 

Among the non cyinogenetic grasses, thirty tin ee species contained emulsin 
like enzymes 
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Section G —GEOLOGY 

Pri "IDENT OF THE Section Pboiessor Sir T II Holland, 
K C I E , EPS 


The* Pie«»ident dolnoiod tlio following Xddio^s it Sjdnox, on Fiidi\ 
August 21 — 

Exact! Y eighty three jeais from the day of our ii rival at Sydney, Edward 
Suess w IS boin in Ijondon Ihus the d i\ is iniuh is tlu tin iiinst mi i s ot oui 
meeting so far fiom home, selves to remind us of one who was great enough 
to recognise the fact that geological evidence fiom any pait of the woild his 
the same \alue as tint obtained in the little continent which has been the most 
piolific in the pioducts of nomenclitiiie and the most piodiictue in text books 

Since the d lys of Chiiles Jj\ell no geologist his been so conspicuously sue 
cessful in analvsing the ictumulited mass of evidence, in bringiiiig togethei tin 
essential ficts fioin ill 1 inds, and in compensiting foi the locil excesses ol 
litei ituit OnU those ol us who, b\ long ibsence liom Euiope hivt felt the 
lull disadvmligos ol hivini, to ixjikss oui thoughts in ilien teimiuology cm 
i])pieciite the ic il v due ol Suess s git it woik JJis dt ith since oui 1 ist meeting 
nukts i conspicuous muk in the history of geological science 

V meeting of the Biitish \ssociation in Australia brings home foicibly to the 
members of Section C the fact that British Tmpeiial geology is leillv ‘the 
science of the Earth ’ , partly for this reason one feels inclined to get outside 
the science and take a suivey of some of its suburbs Not many of them have 
been left untraversed by my distinguished predecessors in this chair, but theie 
Jus been of recent years a tendency to avoid the inner Eirth, which lias rightly 
been desciibed as ‘the inalienable playground of the imagin ition,* md conse 
quently, theiefoie common land to the geologist is well is the giodcsist, 
physicist, and m ithematician 

The geologist who looks below the puiely sii{>erficial phenomena of the cinst 
is generally legaided as straving beyond his province, but the desiie to see the 
bath certifica,te of some of the strange and often unacceptable ‘causes ’ which 
the mathematical physicist offers us is a pardonable form of curiosity Our 
ideas regarding intra telluric conditions are even proving to be of economic 
value, one of the most recent and unexpected results of the kird being that just 
established by Baron von Eotvos in Hungary, ‘ whose predictions now bid fair 
to outstrip those of the ‘ diviner * • Having noticed the low gravity values over 
the great coies of rock salt in the Transylvanian ‘ Schlier,* he finds similar 
defects of gravity in the same region over certain of the Sarmatian and Pontian 
domes, which probably owe their shape to subterranean salt plugs and are now 
found to be great storehouses of natural gas, which, with or without liquid 
petroleum, is commonly found with the saline * Mediterranean * facies of the 
Upper Tertiary in Eastern Euiope Baron von Eotvos also finds that on the 
eastern margin of the Great Hungarian Plain, where the younger Tertiary beds 
are completely concealed by a mantle of alluvium, mud volcanoes and gas springs 
are sometimes found in areas of marked gravity defect, and some of these are 
now also being drilled for natural gas 

^ Comptes RenduSf XVIItme Conf de V Assoc Gcodh Intcrnat . Hamburg, 
1912, pp 427, 437 
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When our ideas of the state of affairs below the surface thus begin to yield 
economic results, there is hope that they arc at last steadying down, becoming 
more settled, and indeed more ‘ scientific * It may not be unprofitable, therefore, 
to leview some of the advances recently made in developing theoretical concep 
tions leg tiding the interior of the Eirth that are of direct importance to 
geologists In undertaking this review I am conscious of the fact that I shall 
be traversing ground that is generally familiar to all, and much of it the special 
pioperty of specialists whose views I hesitate to summarise and should not dare 
to criticise As the author of the ‘ Ingoldsby Legends * said of the only story 
that Mrs Peters would allow her husband to finish, ‘The subject, I feir me, 
IS not over new, but will remind my friends — 

“ Of something better they have seen before ” * 

The intensity and quantity of polemical literature on scientific problems 
frequently varies inversely as the number of direct observations on which the 
discussions are based the number and variety of theoues concerning a subject 
thus often form a coefficient of our ignorance Beyond the superficial observ i 
tions, diiect and indirect, made by geologists, not extending below about one 
two hiindiedtli of the h irth’s ridius, we hive to tiiist to the deductions of 
ni itheni iticians foi oui ide is legaiding the interioi of the h irth and tliey 
ha\e pioMded us surcessively with e\eiy peimutatioii and combination possible 
ot the thiee jiIivsk il stites of in ittei— solid, liquid, and gaseous 

Staitiiig si\ two cciitunes back with the istionomei Halley, geologists weie 
pifsented with i globe whose shell lotitid it a i ite diffeient fiom tint nt its 
(oie In nioie lonnt times this idei his been re\ived by Sii F T h \ ins (l^T's) 
to Kcoiint foi the stciilu i niitions in the deelinition ot tlic iingiutu needh 
Cdniuilt’s (chbiiUd theomn (1741), on whub I iidice bistd tht ni< st 
h)ng livid imong niaiiv cosmogonies, give us i globe of molten inittei sui 
louiuhd bv i solid Cl list Jlojikins demanded a globe solid to tiu loie and 
tliou^^b Ins iiguments weie coiisideicd to be unsound Ins conclusions liive bmi 
ieMV(d on othn giounds, while the high iigidity ot the Liitb as a bodv li is 
bion maintiiiud bv Loid Kelvin, Su Geoige Diiwin Piofissoi Ntvvcoinbt, 
I)i Uiidski and < s-pn 1 illy bv tin leccnt obsoi v itic ns of l)i O Hockci suppU 
innitid by tlu m itbem itic il leisoning ot Piotessoi A E H Love Henntss\ 
(ISsG) bovvevei, concliuUd tbit the istionomicil dom inds could be sitisficd bv 
the old tisliioind molten J iitb in wbnh the hoivui substuices confoinud to 
the eqii itoii il belt 

As long igo as 1S)8 Hcibcit Spencei suggested tbit on iccount of its tern 
jiei itiiu being jiiobiblv above the tiiticil temiiei itmc of known elements, the 
eentu of tlu Futb is jiossiblv gasious Lite in tin seventies Di Rittei ii vivid 
the idei of i giseoiis eoie suiiounded bv i solid eiust, ind this w is modifud in 
l^XX) by the Swedish pliilosopliei, Svante Aiiheimis, whobe globe with a solid 
eiust, liquid substiafum, and gaseous coie is now a favouiite imong some 
geologists 

Wieeheit (1897) supposed that the core of the Futh, some 5 000 kilonietiea 
111 radius, is composed mostly of iron with a deiisitv of 7 8, while this is sui 
rounded by a shell of lithoidal mateiial having a densitv of about 3 0 to 3 4, 
and this greit contrast in density is about that which distinguishes the non 
meteoiites generally from those of the stony class Arrhenius also assumes tint 
iron forms the main part of the central three quarters, and he shows that this 
distribution of substance may still be consistent with his theoiy of a gaseous 
core , indeed, he not only imagines that the whole of the non nucleus is gaseous, 
but also most of the siliceous shell, for he leaves onlv 5 per cent of the 
ridius as the depth of the solid and liquid shells combined 

But the variety of ideas does not end with theories on the present constitution 
of the globe Poisson required the process of solidification to begin from the 
centre and to progress outwaids, while other mathematicians had been happy 
with the Leibnitzian consistent lor status as the fiist external slaggy crust 
Since the days of Laplace all naturalists have been forced to accept the idea of 
a solar system formed by the cooling and condensition of a spheioidal gaseous 
nebula, and all except those geologists who have vainly searched foi tnces 
of the piimeval crust have been happy in this belief 

Recently, however, Dr F B and Piofessor T C Chamberlin 
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in America have brought together arguments from different points of view to 
construct the solar system by the aggregation of innumerable small bodies^ 
‘planetesimals,’ which have gathered into knots to form the planets Thus, 
the Earth is supposed to have grown gradually by the accretion of meteoritic 
matter, and even now, although the process has nearly ceased, it receives much 
meteoritic material from outside 

With the Chamberlin Moulton theory there must have been a time when the 
gravity of the Earth was insufficient to hold an atmosphere of any but the 
heavier gases, such as caibon dioxide, later, the Faith became heavy enough 
to retain oxygen, then nitrogen, water vapour, and helium , while even now it 
may not be sufficiently attractive to prevent the light and agile molecule of 
hydrogen from flying off into space With the growth of the young globe, the 
compression towards the centre produced heat enough to melt the accumulated 
fragments of meteoritic matter, and the molten material thus formed welled 
out at the surface Such ^olcanlc action is suppe^ed to have predominated 
at the surface until an appreciable atmosphere was foimed, and became charged 
with water, when the now familiar processes of weatheiing, erosion, and deposi 
tion produced the film of * rust * which geologists know as sedimentary rocks 

With this last addition to the variegated array of theories about the physical 
condition of the Earth and about its genealogy, the scientific woild began again 
to settle down into serenity, oomfoited by the happy feeling that all at any rate 
agree in legarding the Earth as a giadually cooling body with miny millions 
of >ears still befoio it Then came the disooveiy of ridium, and with it at 
first, an issuiance tint geologists were justified in claiming a long past, to be 
followed by a longei future than the most optimistic philosophci had dared 
befoie to assume with oui apparently limited btoio of Earth heat Now, liowever. 
Professor Joly wains us that if the deepei pirts of the globe coiitiin anything 
near the proportion of radioactive bodies found by him in the superficial rocks, 
we may eicn be tending in the other direction, that instead of a peaceful 
cooling, our descendants may have to face a catastiophic heating, the now in 
conspicuous little body known as the Eiith may indeed yet become famous 
through the Universe as a new star * 

To add to the variety of ideas regarding the present state of the Earth’s 
interior. Professor Schwarz, of Grahamstown,® concludes that our \olcanic 
phenomena can be accounted for on the assumption that the main miss of the 
Filth below a supeificiil layer is cold and solid throughout being composed 
like the meteorites, largeW of unaltered feriomagnesian silicates and non 

Thus, we see, whole fleets of hypotheses have been launched on this sea of 
controversy some of the craft have been decoyed by the cipher sign ils ot the 
mathematician, some have foundered after bombardment by the he ivy missiles 
clissically reserved for use by militant geologists, others, though built in the 
drvikyaid of ph>sicists, have suffeie<l fiom the simntaneoiis fombustioii set up 
by an inadveitciit shipment of radium Still, some of these hypotheses aie yet 
appaiently seiworthy, and it may not be unprofitibh to compaie them with 
recently acquired data 

The nearest approach to actual observation with legard to the state of the 
Earth’s interior has been obtained by the seismograph, designed to refold the 
movements of seismic waves at great distances from the disturbing e irthquake 
Some of the waves sent forth from an earthquake centre travel through the 
Earth, and some travel aiound by the superficial crust the former reaching 
the distant seismograph before the latter The seismograph, by its record of the 
wives that travel tl\rouql\ the Earth has thus given a ceitiin amount of infor 
mation regaiding the state of the Earth’s interioi which H D Oldham aptly 
regards as analogous to that given by the spectroscope * with regard to the 
inaccessible atmospheie of the Sun 

* T Joly, Radioactivity and Geology, 3909, pp 168 172 

* E H L Schwarz, Causal Geology, 1910 

* In his Presidential Address to the Geological Society of London in 1909, 
Professor W J Sollas (Proc Geol Soc , 1909, p Ixxxvii) credits H Benndorf 
(Mitih Qeol Ge^rllsrh Wien, I , 1908, 336) with this prettv analogy, but 
Oldham has the precedence by just two years {cf Quart Jovrn Geol Soc , 
vol 62, 1906, p 456) 
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Tlio existence of two groups of eaithquake waves—those passing through, 
and those passing near the surface around the Earth — has long been recognised , 
but B D Oldham has shown that the waves passing through the Earth aie 
of two kinds, travelling at two different speeds 

Ihe record on the distant seismograph thus shows three well marked phases 
the first phise, due to waves of compression passing through the Earth’s interior, 
the second phase, duo to waves of distortion,* also passing through the Eaith’s 
interior, and the third phase, recorded by the waves which pass around the 
irc along the superficial crust 

The third phase is always recorded at a time after the occurrence of the 
shock propoitional to the arcual distance of the recording seismograph from the 
t iithquake centre, the records of several large eaithquakes showing an average 
speed for the waves of about three kilometres per second Ihe rates of propi 
gitioii of the waves giving the first ind second phases are both much greater 
tinn of those forming the third phase, and up to an arcual distance of about 
120° from the earthquake’s centre the rate of then propagation increases with 
the distance It is thus assumed that the waves giving rise to the first and 
second phases in each distant seismographic record, by following approximately 
dong tlic chord of the arc between the place of origin and the instrument, 
pass through deeper layers of the Earth when the seismograph is farther away, 
the material at greater depths being presumably more elastic as well as denser 

But Oldham ' has shown that when the seismograph is as much as 150° from 
the earthquake centre there is a remarkable deciease in the mean appaient 
1 ite of propagation of the waves giving the second phase in the record, from 
ovtr SIX to about tour and a half kilometies per second There is also a diop, 
ilthough not neaily so milked, in the appaient speed of the waves of the first 
phase when ti insmittcd to a seismogiaph 150° or more distant from the earth 
quake origin Oldham eoncludeb that this decrease of apparent rate for waves 
tiavelling thiougli the Eaith to places much more than 120° distant is due to 
then passing into a central core, four tenths of the radius in thickness, com 
posed ot mattei which transmits the wives it a markedly slow speed Ihus 
tlio earthquake wives which emeigc it a distance not greater than 120° fiom 
then oiigiii do not enter this central core, while those which pass into the Earth 
to a gieiter depth than six tenths of the radius are supposed to be lefiacted on 
entering, ind igiin on leiving the postulated coie, in which the rate of ti ms 
mission of an elastic wave of distortion is very much slower thin m the miin 
miss of tlio Eaith iiound In consequence of the icfiiction of these waves on 
]) issing through the eeiiti il coie, pi ices situited it ibout 140° fiom in e iithquake 
oiigin should bo in piitiil shadow, due to the great dispersion of the distortion il 
waves, and the few leeoids nude so tai by seismographs thus situated with 
log lid to gieit eiithquikes show tint theie is eithci no, oi it most a doubtful, 
leeoid foi the second phase, which is known to be due to the so called dis 
toitional waves 

Oldham’s deductions are based confessedly on a smill number of eiithquike 
records— he considered fourteen examples only — but the conclusions bised on a 
smill number of trustworthy records, from which variations due to the different 
methods of marking the phases are eliminated, aie more reliable than those for 
which there ire imperfect distant records as well as doubts legaiding the exact 
times of the disturbances If these obseivations, however, be confirmed by 
further records, wo are justified in assuming that below the heteiogeneous 
crust there is a thick shell of elastic material, faiily homogeneous to about six 
tenths of the ladius, surrounding a central coie, four tenths in thickness, which 
possesses physical properties utterly unlike those of the outei livers, for in 
this coie the * distoitional ’ waves aie either damped completely oi are trans 
mitted at very much lower speeds than in the shell 

® P/nl , Su A vol cxtiv (liXX)), pp 135 74 

‘ Theie is inoie complete agieemcnt legarding the fait tint two distimt 
sets of waves give rise to the so called preliminaiy treniois indiiattd by i 
seismogi iphii reioid than about the natuie of the waves ('onfir R D Oldliam 
pint Trans lo( tit and O Fishei Pkh Vamhr Phil Soc , vol xii jip 354 361 

^ Quart Journ GloI Soc, vol 02, pp 456 475 (1906) 
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One cannot consider this interesting inference from the seismogiaphic data 
'Without being reminded of the contention of Ritter, Arrhenius^ and Wilde 
regarding the possibility of a persistent gaseous core still above the critical tern 
perature of the substances of which it is composed According to Ritter,* the 
gaseous coie is surrounded by a solid shell Dr Wilde ® postulates the existence 
of A liquid substratum and a giseous coie withm a solid ciust, the two outer 
shells having a thickness that is * not very considei ible * Arrhenius assumes 
fiom puiely physical considei ations that the solid ciust is only about twenty five 
miles thick, that below this it is possibly in i molten condition foi about a 
bundled and fifty miles, and that the lest is i gas laigely composed of non 
undei i piessuie so gicit tint its lompiessibiliU is not riuuh less thin tint ot 
steel 

The whole of these conclusions, being based on assumptions icgaiding the 
physical propeities of matter under conditions of tempeiature and piessure that 
are well beyond those of actual experience, must be put on a plane of science 
well below that occupied by the investigations initiated by Oldham, who opens 
up a line of research in which, as said before, the seismograph may justifiably 
be compared with the spectroscope as an instrument foi observing some inacces 
sible regions of Nature 

The mathematician apparently finds it just as easy to prove that the Earth 
IS solid throughout as to show by extrapolation from known physical values that 
it must be largely gaseous As Huxley said in his Presidential Address to the 
Geological Society in 1869, the mithematical mill is a mill which grinds you 
stult of my degiee of fineness, but, nevertheless, it can giind only what is put 
into it, and the seismograph thus offers a new source of substantial gust Now 
that it IS laiily ceitain that some of the eaithquake waves pass through the 
deeper parts of the Earth, it is obvious that a fruitful development of science 
will follow successful efforts to introduce precision in recoiding, and uniformity 
of expression in reading, seismographic records 

Oldham has pointed out another way in which analysis of seismographic 
lecoids may lead to information regarding mtra telluric conditions by comparing 
the lecoids of waves that puss under tho oceanic depiessions with those that 
aie sub continental for the whole or most of then paths By comparing tho 
lecords in Euiope of the Colombian earthquake of Januaiy 31, 1906, with those 
ot the fean hiaiicisco quake in the following Apiil, there was i greater inteival 
noticed between the fiist and second phases of the Califoinun enthquake — 
dll inteiN il greatei than can be accounted foi by men diffeicncc ot distiiKc 
between the oiigin of the shock and the lecoiding instiuments Ihc seismic 
waves which passed fiom Colombii to Euiope must have travelled under the 
bioadest and deepest ^lait of the Noith Atlantic basin, while those fioin 
C ilitoinia idii uiidei the continent of Noith Ameina, ciosscd tlu Noiih \tl iiiln 
not far south of Iceland, uid appio<dched I mope liom the noith west, the w ivt 
jiatlis throughout being under continents or the continental shelf of the Noith 
Atlantic Iheie is thus suggested some difference between tho elastic con 
ditions of the sub oceanic and the sub continental paits of the crust — a difference 
which, judging by the particular instances discussed, may extend to a depth of 
one quarter of the ladius, but is not nc/ticeable in the waves which peneti itc 
to one third of the radius below the surface 

Obviously these dati must be multiplied many times befoie they c in be 
regarded as a reliable index to a natural law, but it is significant that thi£ 

• A Rittei, * Untersuchiingen uber die Hohe dei Atmosphaie und die 
Constitution gasformiger Weltkorper,' Wiedemann’s A fin d Phya und Chem j 
vol V 405, 543 (1878) , vol vi 135 (1879) , vii 304 (1879) , vm 157 (1879) 

® On the Causes of the Phenomena of Teirestrial Magnetism, Pamphlet; 
1890, p 2 The idea that the Eaith’s magnetism is due to the electiicity 
generated by the f notion between the shell and the core, lotating with a diffoirenl 
motion, was suggested by Dr Wilde m 1902 {Mem Manch Lit and Phil Sot 
vol 46, Part IV p 8, 1902) A similai suggestion based also on Halley’s con 
ception of a sepaiately rotating inner coie was made previously by Sii E J 
Evans in 1878 (‘ Remaikablc Chiiiges in the E nth’s Mignctisin,* Nature 
\ol xviii p 80) 

f^uart Jouin O'tol Soi , vul 63, 344 35U (1907) 
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indication of a difference between the physical nature of the sub oceanic and 
sub continental parts of the crust is in rough correspondence with the conclusions 
pieviously suggested on quite other grounds 

III his Presidential Address to the Geographical Section of the British 
Association at Dover in 1899, the late Sir John Murray drew attention to the 
chemical differentiation which has been going on between the continents and 
the oceans since the processes of weathering and denudation commenced By 
these processes the more siliceous and specifically lighter constituents are left 
behind on the continents, while the heavier bases are carried out to the ocean 
It IS to this process th it Professor T C Chambeilin “ ilso ascribes the oiigiii 
of the depressions in which the oceanic waters have accumulated As a 
corollary of the planetesimal theory, Chamberlin assumes that water began to 
be forced out of the porous surface blocks of the accumulated meteoritic mateiial 
when the Edith’s radius w is between 1,500 and 1,800 miles shorter than it is 
now , at that time pools of water began to be formed on the surface, and the 
atmosphere, just commencing its work, began the operation of leaching the 
heavier bases out of the highlands Growth of the world pioceeded by the 
infall of planetesimals, and while those meteoiites that fell on the highlands 
became deprived of their soluble bases, those that fell into the young ocean 
were merely buried unaltered Thus, by the time the Earth reached its present 
si/e its crust under the oceanic depressions must have de\ eloped a chemicil 
composition differing from th it under the continents According to the dediic 
tion suggested by Oldham from the seismographic records, there is a noticeable 
diffeience in the sub oceanic areas to depths of between 1,000 and 1,300 miles — a 
layer in which the followers of Chamberlin’s theory might reasonably expect 
some physical expression of the partially developed chemical differentiation 
The occurrence of denser material below the oceans has, of course, long 
been assumed from the deflection of the plumb line, and was accepted b> Pratt 
foi his theory of compensation, as well as by Dutton as a wide expression of the 
theory of isostasy Chamberlain * thus explains the general prevalence of basic 
lavas in oceanic volcanoes 

The apparent heterogeneitv indicated in the outer shell of the Earth to depths 
of 1,000 miles is naturally in conflict with the assumption that from thirty miles 
or so down the materials are in a liquid condition, at any rate, the idea con 
flicts with Fishers extreme c*onception of the liquid substiatum, in which the 
fluidity IS supposed to be sufficient for the production of convection currents, 
upwards beneath the oceanic depressions, spreading hoiizontallj tow aids the 
continents, and thence downwards to complete the circuit 

The idea that changes of azimuth and of latitude may be brought about b> 
the sliding of the Earth’s crust over its core has been put forward more than 
once to account for the climatic changes of past geological ages — the occurrence 
of temperate or e\en warm climates on parts of the crust now within the polar 
circles, and glacial conditions at the sea level in countries like India, Australia, 
Africa, and South America, which are now far from the polar ice sheets and 
111 some cases neai or within the tropics Professor E Koken, of Tubingen, “ 
in an el iborate memoir entitled ‘ Indisches Perm und die Permische Eiszeit,* 
attributes the idea of a sliding crust to Mr R D Oldham , but a similar 
suggestion wis put forward by the late Sir lohn Evans twenty veais before the 
publication of Mr Oldham’s paper,** *•* and when the theory was restated in more 
precise form, ten >edrs latei,*^ it was subjected to mathematK il ciiticism by 
J F Twisden, E Hill, and 0 Fisher *® 

** Chamberlin and Salisbury, Geology, vol ii 1906, 106 111 

* Geology, ii 1906, p 120 

*•* N Jahrh fur Min w w 1907, 537 

** J Evans, ‘ On a possible Geological Cause of Changes in the Position of 
the Axis of the Earth’s Crust,’ Proc Roy Soc , xv 46 (1^6) 

** J Evans, Presidential Address, Proc Geol Soc 1876, p 105 
** J F Twisden, *On possible Displacements of the Earth’s Axis of figure 
produced by Elevations and Depressions of her Surface,’ Quart Journ Geol 
Soc , xxxiv 35 (1877) E Hill, ‘ On the possibility of Changes in the Earth’s 
Axis,* Geol Maq 1878, 262 and 470 O Fisher, * On the possibility of Changes in 
the Latitude of Places on the Faiths Surface/ QfcH Mag , 1878, pp 291 and 551 
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Sir John Evans suggested that this movement of the crust was inevitable as 
a consequence of the moulding of the orographical features and consequent 
redistribution of weights, but Twisden came to the conclusion that the le 
arrangement of the great inequalities on the Earth's surface would be insufficient 
to produce any appreciable sliding of the order requiied to make mateiial 
differences in the climate of any place 

Oldham, who was writing at the time in the field in India and thus away 
from literature, put forward the idea in 1886 as an indt pendent thought, and 
made use of Fisher's new theory regarding the existence of a fluid stratum be 
tween the solid crust and the supposed solid core to account for the shifting 
of places relative to the axis of rotation from the equatorial region even to the 
polar circles Oldham drew attention to the recorded small changes of latitude 
at certain observatories and to the probable changes of azimuth in the Pyramids 
of Egypt — evidences of a kind which have since been gieatly enlarged by the 
work ot Sir Norman Lockyer and otheis 

The movements assumed to have taken place during the human period are 
of course small, and to project fiom them changes as gieat as the tiansfer of 
lands fropi the polar circle to the tropics has the objection that characterises a 
surveyor’s use of ‘unfavourable* triangles in a ti igonometrical survey Before 
idmitting, therefoie, that these small changes of latitude and of azimuth may be 
clissed with the palneo glacialists’ evidence as dati of the same kind, though 
so utterly different in magnitude, it is desirable briefly to examine the geological 
evidence legarding past ice ages in extra polar areas 

From the records of ancient glaciations we might omit those of the pre 
Cambiiiii locks of North Ontario and the pre Upper Cimbiian of Norway, as 
these aieas aie nearer the poles than many places which were certainly covered 
with ice sheets dming the youngest, oi often socilled Gieit Ice Age But 
besides these we have evidence of gliciition in the Cambinn or possibly pre 
(‘ambiian rocks of South Australia at a latitude of 35° or less in South Africa 
theie weie two or more distinct glacial periods before Lower Devonian times in 
slightly lowei 1 ititudes , while in China simiUr records are found among rocks 
of the Lower Cambrian, or possibly of older age, at a latitude of 31° N 

The glacial boulder beds found at the base of our greit coil bexnng system 
m Indii belong to the same stratigraphical horizon as the glacial beds found in 
South Africa, certain parts of Australia, and in parts of Brazil and SIo Paulo 
near or within the southern tropic 

These glacial beds are often referred to in geological literature as Permo 
Ciibonifeious in age, but Piofessor Koken regarded the formation in India, as 
Permian Other valuations of palneontologiral evidence, similii to that relied 
on by Professor Koken, place these beds at a distinctly lower horizon in the 
Europe in str itigraphical scale, and recent work by officers of the Geological 
Survey of India in Kashmir tends to confirm this latter view , we now regard the 
base of our great coal bearing system in India — ^the horizon of the glaciil boiildei 
beds — as not much, if at all, vounger than the Upper Coal Measures of Britain 
The precise age of the horizon is not very important for our present considera 
tion the important point is that in or near Upper Carboniferous times a wide 
spread glaciation occurred throughout the area now occupied by India, Australia, 
and South Africa The records of this great glaciation are thus found stretch 
mg northwards bevond the northern as well as southwards beyond the southern 
tropic 

Now, on the assumption that the cold climate in this region was due to a 
movement of the crust over the nucleus, Professor Koken has produced an 
elaborate map of the World, showing the distribution of land and sea during 
the period, with the directions of ocean currents and of ice sheets The 
Permian South Pole he places at the point of intei section of the present 
20th parallel S and 80th meridian E — that is, at a point in the Indian Ocean 
about equidistant from the glaciated regions of India, Australia, and South 
Africa The Permian North Pole is thus forced to take up its position in the 
centre of Mexico, while the Equator strikes through Russia, Italy, West 
Africa, down through the South Atlantic and round by Fiji to Vladivostock 


Geol Mag , 1886, 304 

“ H H Hayden, Bee Geol Surv Ind , vol xxxvi p 23, 1907 
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The very precision of this map reduces the theory on which it is based to a 
condition of unstable equilibrium If glacial conditions were developed in 
India, Australia, and South Africa by a 70° movement ol the crust, were tin. 
movements to and from its assumed position in Permian times so rapid that the 
glaciation ot these widely separated areas appears to be geologically contem 
poianeous ^ If such movements had occurred, instead of evidences of glaciation 
over a wide area at the saine period, we ought lather to find that the glaciation 
in each of the widely separated points occuircd during distinctly different 
geological periods 

But that IS not the only weak spot in the evidence The Permian (or Permo 
Carbonifeious) glaciation of Australia took place on the east and south east of 
the continent as well as in Western Australia, and the eastern ice sheets would 
thus hive been active within 30° of Piofcssor Koken’s Pei mi in cquatoi Thcie 
lie still thice other serious pieces of colour discord in this picture In the 
State of S lo Paulo — that is, within Koken’s ‘Permiin’ tioincs— Di Orville 
Dciby has dosciibed beds which stiikmgly rccill the fcatuies of the Upper 
PaltEOzoic glacial beds of India ind South Africa It is possible th it these 
lie due to the woik of glaciers it a high level, but, since the publication ot 
Piotcssoi Koken’s memoii, other occurrences of the kind have bctii desciibcd 
by Di 1 C White in different parts of Biazil, ind theic is i genci il 
coirespondeiRe between the phenomena in feouth Ameiica and those in the 
foiniations of the same age in the Indian, Australian, and Atiican legions 

Then, too, it we iccept this expression of the physical geography duiing 
Upper Paleozoic times, we must carefully explain away the suspicious breccias 
and biockrams which ha\e been rcgaided by many geologists as evidences of i 
(old clinuti during Permian times in the Uials, the Ihuringi rwald, the Lnglish 
^Midland ind Noithcrn counties, Devonshire and Armagh — places that would 
lie on 01 neii Koken s ‘ Poimian ’ cquatoi Finally we find the h\ pothetii il 
Pcimian Noith Polo in a locality which has filled to produce any signs ot 
gl ici ition 

To dttcnijit i discussion ot the explanations otfeicd to iccount for the gicit 
Uppti Pilco/ou gliciitioii would load us tai fiom the present theme The 
question is i used nieiclv to show tint the phonomeni aic not consistent with 
the suppo'^cd movement ot i solid shell ovci i solid loit issisted by in 
intcinicdi itc molten lubiKuit Geologists nuy be compelled to hand bick the 
thcoiy ot i molten substi itum to the inatlu m itici ms ind phvsicists toi fuitliii 
lopiii, blit it docs not neccssiiil^ follow tint a toundation thcoiy is unsound 
imicl^ bcciusc it Ins been ovtrloided beyond its loinpiesbivc sticngth 

llic t \ti loidin inly gieit distames between the iieas tint show signs of 
gl leiation in Peimo C iiboniteious times toiin i stucnis stumbling bloek to most 
of the cxplinitions which lint hitheito been offeicd Out is ilmost tempted in 
despiii even to isk it it is not possible tiiat these ti igments ot the old 
Oondwiiia continent iic now nioic widely scpiiited fiom one uiothii thin they 
weie in Uppei Paleozoic times It is i bold suggestion indeed that one cm 
sitcly put iside is ibsuid in gcunu>ipholoL,v Unit is notliing else ippiiently 
Jett toi us but tlie issumption of i genci il refriger itioii 

The idea of the gieatei inequilities ot the globe being in ippio\imatelv st itic 
equilibiium his been iccognised foi miny yens it w is cxpiessed by Bibbige 
ind Hcisthtl, it was intliidtd in Ai<hdeaion Pi itt’s theoiv of compensation, 
md it w IS accepted by Fisher as one of the fund imental ficts on whieh his 
theoiy ot mount iin stiuetiue lesteef But in C ipt iin C F Dutton pic 

sented the idea ‘ in i modified foim, in i new diess, md in gicater detail’, he 
give the idea oitliodox baptism uiel a mine, which seems to be nectsbuy fur the 
lespectable life of any scientific theory * For the condition of equilibrium of 
figure, to wdiuh giivitation tends to lediue i plinetuv body, nicspective of 
whethei it be homogeneous oi not,’ Dutton*^ pioposed ‘the mme isostasy ' 
The eoricsponding adjeetive would bo isostatie — the state of balance between 
the ups and downs on the Farth 

Foi i long time geologists weie foiced to content themselves with the con 
elusion that the folding of striti is the lesult of the crust collapsing on a eooliiig 

Dutton, ‘On some ot the Gieatei Pioblems of Ph^sieal Geologv,’ Bull 
Phil iboc IFas/i , XI 53, 1881) 
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and shiiiikmg coie, but l^ishei pointed out that the amount of ladial shiinkiiig 
could not account even foi the piesent gieat suificc inequalities of the htho 
spheie, without legaid to the enormous lateral shortening indicated by the 
folds 111 great mountain regions, some of which, like the Himalavan folds, wcic 
formed at a late date m the Earth’s history, folds which in date and direction 
have no genetic relationship to G H Darwin’s primitive wrinkles Then, 
besides the folding and plication of the crust in some areas, we have to account 
foi the undoubted stretching which it his suffered m other places, stietching 
of a kind indicated by faults so common that thev aie geneially known as iioimil 
faults It has been estimated by Claypole that the folding of the Appalachian 
lange resulted in a horizontal compression of the strata to a belt less than 
65 per cent of the original breadth Accoiding to Heim the diametei of the 
northern zone of the centril Alps is not more than half the original extension 
of the sti ita when they weie laid down in horizontal sheets De la Beche, in 
his memoir on Devon and Cornwall, which anticipated many pioblems of moie 
than local interest, pointed out that, if the inclined and folded strata were 
flattened out again, they would cover fir more giound than that to which they 
ire now lestiicted on the geological map Thus, according to Dutton, hislier, 
and others, the meic contraction of the cooling globe is insufficient to account 
foi oui gicat lock folds, especially gicit folds like those of the Alps iiid tlu 
Himalayas, which hive been pioduccd in quite late geologic il tinus It is 
powble that this conclusion is in the in iiii tiuc but in coming to this conclusion 
we must give due value to the iiumbei of pitches which have been let into the 
old ciustil envelope — masses of igneous lock, imnei il veins and livdiated pio 
caicts which have bctii foiiiied in aiois of tcinpoi iiy sticiilung ind hive 
remained as permanent additions to the ciust, iiic leasing the size and biggincss 
of the old CO it, which, since the discovciy of i idiuiii, is now legaided is imu h 
oldci thill IS foinieily iin igincd by non geologic il iiitinbciss of the scicntihi 
vv orld 

The pcculiii intuie of lock folds picscnts also in obsticlc no less foiinidahle 
fioiii a qualit itive point of view If the skin wcic ineiely collapsing on its slnink 
iiig core we should expect wiinkles in ill diicctions, yet we find gicit folded 
lie IS like the Himaliyas stietching contniuously foi 1,4(K) nulcs, with signs of 
a pcisistcntly diiectcd ovcitliiust fiom the iioith, oi we have folded misses 
like the Appalachians of a similii oidei of niignitude stietching fiom Maine 
to Gcoigii, with in unniistakable comxjiessioii in a noith west to south cist 
direction The simple hvpothesis of i collapsing ciust is thus ‘quantitatively 
insufficient’ icioiding to Dutton though this is still doubtful, iiid it is 
qu ilititiv el> in ipplicable,’ whidi is highly piobable 

In addition to the facts that lock folds aie maiiit lined ovci such gicat 
distances ind tint latei folds aie sometimes found to be supeiimposed on oldci 
ones geologists have to account foi the conditions which peiniit of the giadual 
accumulation of eiioimous thicknesses of stiata without corresponding use of 
the suiface of deoosition 

On the other hand, too, in folded legions tlieie iie exposuies of beds supei 
imposed on one another with i totil thickness of many miles inoie than the 
height of any known mount iin, ind one is diiven again to conclude that uplilt 
has pioceeded pan pasbu with the icniov il of the loid thiough the elosl^e vvoik 
of itmospheiic agents 

It does not necessaiilv follow tint these two jnoccsses an the diicct lesult 
of loading in one case and of lelief m the othei , for slow subsidence gives use 
to the conditions that favoui deposition ind the uplifting of a i iiige lesults in 
the iiuieased eneigy of cioding stieims 

Thus there was a natural desiie to sec if Dutton’s theoiy agieed with the 
vaiiations of gravity If the ups and downs are balanced, the apparently large 
mass of a mountain range ought to be compensated by lightness of material in 
and below it Dutton was awaie of the fact that this was appioximately true 
regarding the gieat continental plateaux and oceanic depressions, but he 
imagined that the balance was delicate enough to show up in a small hill lange 
of 3,000 to 5,000 feet 

The data required to test this theory, accumulated duiiiig the tiiangulation 
of the United States, have been made the subject of in elaborate analy‘'is by 
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J F Hay ford and W Bowie They find that, by adopting the hypothesis 
of isostatic compensation^ the differences between the observed and computed 
deflections of the vertical caused by topographical inequalities are reduced to 
less than one tenth of the mean values which they would have if no isostatic 
compensation existed According to the hypothesis adopted, the inequalities 
of gravity are assumed to die out at some uniform depth, called the depth of 
compensation, below the mean sea level The columns of crust material stand 
mg above this horizon vary in length according to the topography, being rela 
tively long in highlands and relatively short under the ocean The shorter 
columns are supposed to be composed of denser material, so that the product 
of the length of each column by its mean density would be the same for all 
places It was found that, by adopting 122 kilometres as the depth of com 
pensation, the deflection anomalies were most effectually eliminated, but there 
still remained unexplained residuals or local anomalies of gravity to be accounted 
for 

Mr G K Gilbert,** who was one of the earliest geologists to turn to account 
Dutton’s theory of isostasy, has recently offered a plausible theory to account 
tor these residual discrepancies between the observed deflections and those 
computed on the assumption of isostatic compensation to a depth of 122 kilo 
metres An attempt had already been made by Hayford and Bowie to correlate 
the distribution of anomalies with the mam features ot the geological map and 
with local changes m load that have occurred during comparatively recent 
geological times For example, they considered the possibility of an increased 
load in the lower Mississippi valley where there has been m recent times a 
steady deposition of sediment, and therefore possibly the accumulation of mass 
slightly m advance of isostatic adjustment One would expect in such a case 
that there would be locally shown a slight excess of gravity, but, on the con 
tiary, there is a general prevalence of negative anomalies in this region In 
the Appalachian region, on the other hand, inhere there has been during late 
geological times continuous erosion, with consequent unloading, one would expect 
that the gravity values would be lower, as isostatic compensation would 
naturally lag behind the loss of overbuiden this, however, is also not the case, 
for over a greater part of the Appalachian region the anomalies are of the 
positive order Similarly, m the nortli central region, where there has been 
since Pleistocene times a removal of a hea\y icecap, there is still a gcneial 
pre\alence of positive anomalies 

These anomalies must, therefore, remain unexplained by any of the obvious 
phenomena at the command of the geologist G K Gilbert now suggests that, 
while it may be true that the product of the length of the unit column by 
its mean density may be the same, the density variations within the column 
may be such as to give rise to different effects on the pendulum If, for instance, 
one considers two columns of the same size and of exactly the same weight, with, 
in one case, the heavy material at a high level and in the other case with the 
heavy material at a low level, the centie of gravity of the foimer column, being 
nearer the surface, will manifest itself with a greater pull on the pendulum, 
these columns would be, however, in isostatic adjustment ** 

*“ J F Hayford, * The Figuie of the Earth and Isostasy,’ V S Coast and 
Geodetic Survey, Washington, 1909 ‘Supplementary Investigation,* Washing 
ton, 1910 See also Science, New Series, vol xxxiii , p 199, 1911 J F 
Hayford and W Bowie, ‘ The Effect of Topogiaph;y and Isostatic Compensation 
upon the Intensity of Gravity,* U S Coast and Geodetic Survey Special 
Pubheatton No 10, Washington, 1912 

** ‘Interpretation of Anomalies of Giavity,’ US Gcol Surv Professional 
Paper 85 C, 1913, p 29 

** It IS interesting to note that the idea suggested by G K Gilbert in 1913 
was partly anticipated by Major H L Crosthwait in 1912 (Survey of India ^ 
Professional Paper No 13, p 5) Major Crosthwait in discussing the similar 
giavity anomalies in India remarks parenthetically ‘ Assuming the doctrine of 
isostasy to hold, is it not possible that ni any two columns of matter extending 
from the suiface down to the depth of compensation theie may be the sime 
mass, and yet that the density may be veiy diffeicntly distiibuted in the two 

1011 A A 
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Gilbert’s hypothesis thus differs slightly from the conception put forth by 
Hayford and Bowie, for Gilbert assumes that there is still appreciable hetero 
geneity in the more deep seated parts of the Earth, while Hayford and Bowie’s 
hypothesis assumes that in the nuclear mass density anomalies have practically 
disappeared, and that there is below the depth of compensation an adjustment 
such as would exist in a mass composed of homogeneous concentric shells 

In order to make the Indian observations comparable to those of the United 
States as a test of the theory of isostasy, Major H L Crosthwait has adopted 
Hayford’s system of computation and has applied it to 102 latitude stations and 
18 longitude stations in India He finds that the unexplained residuals in India 
are far more pronounced than they aie in the United States, or, in other words, 
it would appear that isostatic conditions are much more nearly realised in 
America than in India 

The number of observations considered in India is still too small for the 
formation of a detailed map of anomalies, but the country can be divided into 
broad areas which show that the mean anomalies are comparable to those of the 
United States only over the Indian peninsula, which, being a mass of rock 
piacticdlly undistuibcd since early geological times, may be regarded safely as 
Juving approached isostatic equilibrium To the north of the peninsula three 
districts form a wide band stretching west north westwards from Calcutta, with 
mean residual anomilies of a positive kind, while to the north of this band lies 
the Himalayan belt, in which there is always a large negative residual 

Colonel Burrard has considered the Himalayan and Sub Himalayan 
anomalies in a special memoir, and comes to the conclusion that the gravity 
deficiency is altogether too gieat to be due to a simple geosyncliiial depression 
filled with light alluvium such as we generally regard the Gangetic trough to 
be He suggests that the lapid change in gravity values near the southern 
margin of the Himalayan mass can be explained only on the assumption of the 
existence of a deep and narrow nit m the sub crust parallel to the general 
Himalayan axis of foldmg A smgle laige rift of the kind and size that Colonel 
Burrard postulates is a feature for which we have no exact parallel, but one 
must be careful not to be misled bv the use of a term which, while conveying a 
definite mental impression to a mathematician, appears to be incongruous with 
our geological experience There may be no such thing as a single large rift 
filled with light alluvial material, but it is possible that there may still be a 
series of deep seated fissures that might afterwaids become filled with mineral 
matter 

With this conception of a lift or a series of rifts. Colonel Buirard is led to 
le verse the ordinary mechanical conception of Himalayan folding Instead now 
of looking upon the folds as due to an ovei thrust from the north, he regards 
the corrugations to be the result of an under cieep of the sub crust towards the 
north Thus, according to this view, the Himalaya, instead of being pushed 
uvei like a gigantic rock wave breaking on to the Indian Horst, is in lealit^ 
being dragged away from the old peninsula, the depression between being filled 
up gradually by the Gangetic alluvium So far as the purely stratigraphical 
features are concerned, the effect would be approximately the same whether 
there is a supeificial overthrust of the covering strata oi whether there is a 
deep seated withdrawal of the basement which js w ell below the level of 
observation 

Smce the Tibetan expedition of ten years ago we have been in possession 
of definite facts which show that to the north of the central crystalline axis 
of the Himalaya there lies a great basin of marine sediments forming a faiily 
complete record from Palaeozoic to Tertiary times, representing the sediments 

columns^ These two columns, though in isostatic equilibrium, would act 
differently on the plumb line owing to the unequal distribution of mass 

* The drawback to treatmg this subject by hard and fast mathematical 
formulae is that we are introducing into a discussion of the constitution of the 
earth’s crust a uniform method when, in reality, probably no uniformity 
exists ’ 

Survey of India, Piofustojial Paper No 13, 1912 
** Ibid No 12, 1912 
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wliich were laid down m the great central Eurasian ocean to which Suess ga\e 
the name Tethys We have thus so far been regarding the central crystilline 
axis of the Himalaya as approximately coincident with the old northern coast 
line of Gondwanaland « but, if Colonel Burrard’s ideas be correct, the coast line 
must have been very much further to the south before the Himalayan folding 
began 

Hepresenting what the Geological Survey of India regards as the orthodox 
view, Mr H H Hayden ** has drawn attention to some conclusions which, from 
our pfesent geological knowledge, appear to be strange and improbable m 
Colonel Burrard’s conclusions, and he also offers alternative explanations for 
the admitted geodetic facts Mr Hayden suggests, for instance, that the 
depth of isostatic compensation may be quite different under the Himalayan 
belt from that under the regions to the south His assumptions, howe\er, in 
this respect are, as pointed out by Colonel G P Lenox Conyngham,"® at variance 
with the whole theory of isostasy Mr Hayden then suggests that most of the 
excessive anomalies would disappear if we took into account the low speiific 
gravity of the Sub Himalayan sands and gravels of Upper Tertiary age as 
v^ell as oi the Pleistocene and recent accumulations of similar material filling 
the Indo Gangetic depression It would not be at all inconsistent with oui 
ideas derived from geology to regard the Gangetic trough as some three or foui 
miles deep near its northern margin, thinning out gradually towards the undis 
tiirbed mass of the Indian peninsula, and Mr R D Oldham, with this view, 
has also calculated the effect of such a wedge of alluvial material of low specific 
gravity, coming to the conclusion that the rapid change in deflection, on 
passing from the Lower Himalaya southward towards the peninsula, can mainlv 
be explained by the deficiency of mass in the alluvium itself 

It IS obvious that, before seeking for any unusual cause for the gravitv 
inomalies, we ought to take into account the effect of this large body of alluvium 
which lies along the southern foot of the range It is, however by no means 
certain that a thick mass of alluvial material, accumulated slowly and saturated 
with water largely charged with carbonate of lime, would have a specific gravity 
so appreciably lower than that of the rocks now exposed in the mam mass of 
the Himalaya as to account for the residual anomalies Some of the apparent 
deficiency m gravity is due to this body of alluvium, but it will only be aftei 
critical examination of the data and more precise computation that we shall 
be in a position to say if there is still room to entertain Uolonel Burrard’s \eiy 
interesting hypothesis 

By bringing together the geological and geodetic results we notice fi\e 
roughly parallel bands stretching across northern India There is (1) a band 
of abnormal high gravity lying about 150 miles from the foot of the mountains, 
detected by the plumb line and pendulum , (2) the great depression filled by 
the Gangetic alluvium, (3) the continuous band of Tertiary rock, foiming the 
Sub Himalaya, and separated by a great boundary o^erthrust from (4) the main 
mass of the Outer and Central Himalaya of old unfos*^iliferous rock, with the 
snow covered crystalline peaks flanked on the north by (5) the Tibetsn basin of 
highly fossiliferous rocks formed in the great Eurasian meditenanoan ocean 
that persisted up to neaily the end of Mesozoic times 

That these leading features in North India can hardly be without genetic 
relationship one to another is indicated by the geological history of the area 
Till nearly the end of the Mesozoic era the line of crystalline, snow covered 
peaks now forming the Central Himalaya was not far from the shore line 
between Gondwanaland, stretching away to the south, and Tethys, the great 
Eurasian ocean Near the end of Mesozoic times there commenced the great 
outwelling of the Deccan Trap, the remains of which, after geological ages of 
erosion, still cover an area of 200,000 square miles, with a thickness in places of 
neaily 5,000 feet Immediately after the outflow of this body of basic lava, 
gi eater in mass than any known eruption of the kind, the ocean flowed into 
North West India and projected an arm eastwards to a little beyond the point 

’ Rec Geol Surv Ind , vol xliii part 2, p 138, 1913 
Records of the Survey of Indta vol v p 1 
Proc Roy Soc , Series A, vol 90, p 32, 1914 

A A 2 
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at which the Ganges now emerges from the hills Then followed the folding 
movements that culminated in the present Himalayan range^ the elevation 
de\ eloping first on the Bengal side, and extending rapidly to the north west 
until the folds extended in a great arc for some 1 ,IdO miles from south east to 
north west 

New streams developed on the southern face of the now rising mass, and 
although the arm of the sea that existed in early Tertiary times became choked 
with silt, the process of subsidence continued, and the gradually subsiding 
depression at the foot of the hills as fast as it developed became filled with 
silt, sand, gravel, and boulders in increasing quantities as the hills became 
mountains ind the range finally reached its present dimensions, surpassing in 
size all other features of the kind on the face of the globe 

Now, it is important to remember that for ages before the great outburst of 
Deccan Trip occurred there was a continual unloading of Gondwanaland, and 
a continual consequent overloading of the ocean bed immediately to the north, 
that this process went on with i gradual rise on one side and a gradual depres 
sion on the other , and th it somewhere near and parallel to the boundary line 
the crust jnust have been undergoing stresses which resulted in strain, and, as 
I suggest, the development of those fissures that let loose the floods of Deccan 
Tiap and brought to an end the delicate isostatic balance 

During the secular subsidence of the northern shore line of Gondwanaland, 
accompanied by the slow accumulition of sediment near the shore and the 
giadual filing away of the land above sea Uvel there must have been a gradual 
cieep of the ciust in a noitherly diiection Neai the west end of the Himalay in 
die this movement would be towards the northwest for a part of the time, 
at the east end the creep would be towards the north north east and north east 
Thus there would be a tendency from well back in Palaeozoic times up to the 
end of the Cretaceous period for normal faults — faults of tension — to develop 
on the land, with a trend varying from WSW-ENE toWNW-ESE 
across, the northern part of Gondwanaland We know nothing of the evidence 
now pigeon holed below the great mantle of Gangetic alluvium, while the 
records of the Himalayan region have been masked or destroyed by later fold 
mgs But in the stratified rocks lying just south of the southern margin of the 
great alluvial belt we find a common tendency for faults to strike in this way 
across the present Peninsula of India These faults have, for instance, marked 
out the great belt of coalfields stretching for some 200 miles from east to west 
in the Damuda valley On this, the east side of India, the fractures of tension 
have a general trend of W N W -E S E We know that these faults are later 
than the Permian period, but some of them certainly were not much later 

If now we go westwards across the Central Provinces and Central India and 
into the eastern part of the Bombay Presidency we find records of this kind 
still more strikingly preserved, for where the Gondwana rocks, ranging from 
Permo Carboniferous to Liassic in age, rest on the much older Vindhyan senes, 
we find three mam series of these faults One series was developed before 
Permo Carboniferous times , another traverses the lower Gondwanas which 
range up to about the end of Permian times, while the third set affects the 
younger and Upper Gondwanas of about Rhastic or Liassic age Although 
the present topography of the country follows closely the outlines of the geo 
logical formations it is clear from the work of the Geological Survey of India 
that these outlines were determined in Mesozoic times, and that the movements 
which formed the latest series of faults were but continuations of those which 
manifested themselves in Palaeozoic times According to Mr J G Medlicott 
the field data showed ‘ th^t a tendency to yield in general east and west or 
more clearly north east and south west lines existed in this great area from the 
remote period of the Vindhyan fault * ** The author of the memoir and map 
on this area was certainly not suspicious of the ideas of which I am now un 
burdening my mind , on the contrary, he attempted and, with apologies, failed 
to reconcile his facts to views then being pushed by the weight of ‘ authority ’ 
in Europe This was not the last time that facts established in India were 
found (to use a field geologist’s term) xmconformably to lie on a basement of 

** Mem Geol Surv Ind , vol ii 1860, part 2, p 256 
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geological orthodoxy as determined by authority in Europe It is iniportant 
to notice that the series of faults referred to in the central parts of India are 
not mere local dislocations^ but have a general trend for more than 250 miles 
A fault must be younger, naturally, than the strata which it traverses, but 
how much younger can seldom be determined Intrusive rocks of known age are 
thus often more useful in indicating the age of the fissures through which they 
have been injected, and consequently the dykes which were formed at the time 
of the eruption of the great Deccan Trap give another clue to the direction 
of stresses at this critical time, that is towards the end of the Cretaceous 
period, when the northerly creep had reached its maximum, just before Gond 
wanaland was broken up If, now, we turn to the geological maps of the northern 
part of Central India, the Central Provinces, and Bengal, we find that the old 
Vmdhyan rocks of the Narbada valley were injected with hundreds of trap 
dykes which show a general W S W -E N E trend, and thus parallel to the 
normal tension faults, which we know were formed during the periods pre 
ceding the outburst of the Deccan Trap This general trend of faults and 
basic dykes is indicated on many of the published geological maps of India 
covering the northern part of the peninsula, including Bairs maps of the 
Bamgarh and Bokaro coalfields ** and of the Hutar coalfield,*® Hughes’ Rewa 
Gondwana basin,® ‘ Jones* southern coalfields of the Satpura basin,** and Oldham’s 
general map of the Son Valley ** 

We see, then, that the development of fissures with a general east west 
tiend in the northern part of Gondwanaland culminated at the end of the 
Cietaceous period, when they extended down, probably, to the basic magma 
lying below the crust cither in a molten state, or in a state that would result 
in fiuxion on the relief of pressuie That the molten material came to the 
suiface in a superheated and liquid condition is shoiwni by the way in which 
it has spread out in horizontal sheets over such enormous areas Throughout 
this great expanse of lava there are no ceitain signs of volcanic centres, no 
conical slopes around volcanic necks, and one might travel for inoie than 40(J 
miles fiom Poona to Nagpur over sheets of lava which arc still practically 
hoiizoiital There is nothing exactly like this to be seen elsewhere to dav 
The nearest approach to it is among the Hawaiian calderas, where the highlv 
mobile basic lavas also show the characters of superfusion, glowing according 
to J D Dana,** with a v\hite heat, that is, at a temperature not less than about 
l,300OC 

Mcllard Reade has pointed out that the Farth’s crust is under conditions of 
stress analogous to those of a bent beam with, at a certain depth, a ‘level of 
no strain * Above this level there should be a shell of compression, and under 
it a thicker shell of tension The idea has been tieated mathematically by C 
Davison, G H Darwin 0 Fisher, and M P Rudski, and need not be discussed 
at present Professor R A Daly has taken advantage of this view concerning 
the distribution of stresses in the crust to explain the facility for the injection 
of dykes and batholiths from the liquid, or potentially liquid, gabbroid magma 
below into the shell of tension ** He also shows that the injection of large 
bodies of basic material into the shell of tension tends on puiely mechanical 
grounds to the formation of a depression, or geosyncline If this be so, are we 
justified in assuming that the heavy band following the southern margin of the 
Gangetic geosyncline is a ‘ range * of such batholiths ’ The idea is not entirely 
new, for 0 Fisher made the suggestion moie than twenty years ago that the 
abnormal gravity at Kalianpur was due to ‘ some peculiar influence (perhaps of 
a volcanic neck of basalt) ’ *® 

Mem Geol Surv Ind , vol vi part 2 
*® Ihid , vol xv^ 

*^ Ihid , vol XXI part 3 
** Ihid , vol XXIV 
** Ihid , vol XXXI part 1 
** Characteristics of Volcanoes, 1891, p 200 

** R A Daly, * Abyssal Igneous Injection as a Causal Condition and as an 
Effect of Mountain building,* Amer Journ Sti , xxii Sept 1906, p 205 
*® P/iystc^ of the Earth's Ciust, 2ud ed , 1889, p 216 
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Daly’s suggestion, however, taken into account with the history of Gondwana 
land, may explain the peculiar alignment of the heavy subterranean band, 
parallel to the Gangetic depression and parallel to the ceneral trend of the 
peninsular tension faults and fissuies that followed the unloading of Gondwana 
land and the heavy loading of the adjoining ocean bed along a band roughly 
parallel to the present Himalayan folds 

B h Woodward objected that isostasy does not seem to meet the requirements 
of geological continuity, for it tends rapidly towards stable equilibrium, and the 
crust ought therefore to reach a stage of repose early in geologic time If the 
process of denudation and rise, with adjoining deposition and subsidence, 
occurred on a solid globe, this objection might hold good But it seems to me 
that the break up of Gondwanaland and the tectonic revolutions that followed 
show how isostasy can defeat itself in the presence of a sub crustal magma 
actually molten or ready to liquefy on local lelief of pressure It is possible 
that the protracted filing off of Gondwanaland brought nearer the surface 
what was once the local level of no strain and its accompanying shell of tension 

The conditions existing in noithern Gondwanaland before late Mesozoic times 
must have been similar to those in south west Scotland before the occurrence 
of the Tertiary eruptions, for the crust in this region was also torn by stresses 
in the S W -N E direction with the formation of a remarkable series of 
N W -S E dykes which give the one inch geological maps in this icgion i 
legulaily stuped appearance 

Theie is no section ol the Edith’s surface which one cm point to as being 
now subjected to exactly the same kind and magnitude of treatment as tint to 
which Gondw inalaiid w is exposed foi long ages before the outburst of theDeccdii 
Trap, but possibly the ciosion of the Brazilian highlands and the deposition of 
the silt carried down b^ the Amazon, with its southern tiibutiiies, and by the 
inoio cistern Araguiv ind Tocantins, may result in similar stresses which if 
continued will develop stiains, and open the way for the subj icent m igm i to 
appioacli the surface oi e^cn to become extiavasated, idding aiiothci to tin 
small family of so called fissiiie ei options 

Ihe vilue of a generalisation can be tested best by its icliability as i bisis 
foi piediction Nothing shows up the shortcomings of our knowledge ibout the 
state of affairs below the supeificial crust so effectually as our inabilitv to make 
any useful predictions about eirthquakes oi \olcanic eruptions hoi many 
yeais to come in this depaitment of science the only woiker who will e^cr 
establish a claim to be called a piophet will be one in Ciceio’s sense — * ho who 
guesses well * 


McLBOURNh 
FUlDiY, AlGUbT 14 
The following Papers weie read — 

1 The Geology of Victoria By Piofesboi Ernlst W Ske\is, D Sc 


2 Exhibition of a Series of Lantern Slides illustrating Desert Scenery 
and Denudation By Dr Johannes Waliiilr 

Every climatic region is characterised by a different type of disintegration 
and denudation of soft or softened rock by the agents of erosion In the nival 
region a cover of snow protects the surface of the earth during a long period of 
the year 

In the humid zone and also in the equatorial pluvial region the soil is over 

‘ Address to the Sect of Mathematics and Astronomy of the Amer Assoc ,’ 
1889 Smithsoman Report, 1890, p 196 
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grown by a network of roots and rootlets of millions of plants, which bind 
together the small particles and protect them against wind and running water 
In and regions, where the ram is not sufficient to form perennial rivers, 
and where the vegetation forms isolated patches in the barren country, every 
particle of soft oi disintegrated rock is quickly taken awav bv the wind or the 
occasional rainfall Therefore the general denudation ot the land is very 
powerful The Egyptian monuments, exposed during 4,000 years to the disinte 
grating and denimmg powers of the desert, offer beautiful examples of the 
diffeient kinds of dry disintegration, and many of them show very clearly also 
the transporting effect of the wind 


3 The Climatic Conditions of the Early Pie Cambrian 
By Professor A P CoTirMVN, F R S 

Our knowledge of the later Pre Cambrian permits ns to speak of desert 
conditions in the Keweeniuan or Toiridonian and of an ice age followed b\ a 
cool climate m the Huronian, but little e\idence has been given as to earlier 
climates Recent work in Canada shows that the Sudbuiy series, of Pre 
Laurentian age and very much older than the Huronian, includes all types of 
sediments, often well enough preserved to show cross bedding ripple marks, and 
annual layers indicating the change of seasons They must ha\e been foimed 
near the margin of a continent where granites weathered under a cool and 
moist climate They seem to bo delta materials deposited by great ri\ers 
The highly metamoiphosed sediments of the still older CrenMlle and 
Keewatin series (Lewisian’) ha\e lost their original structures but the gneisses 
quartzites, and marbles must have been cla>, sand, and limestone in the 
beginning, and the graphite may have originated in plants Land surfaces must 
have been attacked by water and air to produce these materials, and there is no 
e\idence that the climate was hot These are the earliest known foimations so 
that air and water worked in the usual way at the beginning of recoided 
geological time 


4 Viclonan Graptolites ByT ^ TIvlt., M 1 , D Sc 

The Silurian and Ordovician graptohte be iring rocks of Victoria occiipv 
ibout 20,000 square miles and ovei a hundred siiecies have been recordfd 
Very little is known of the Silurian The Ordovician is divided into Uppei 
and Lower, but probably lepresents a continuous series The Upper is charac 
tensed by the presence of Dicranogr iptida? No zonal v\ork has been done in 
the field, though collections yielding about fifty reiorded species have been madi 
Four divisions are recognised in the Lower Ordovician, namely, Darriwillian 
Castlemainian, Bendigonian and Lancefieldian, at the base There aie several 
subdivisions of these formations The characteis were briefly indicated in 
the ‘Geological Magazine’ by tlie author m 1899 Subsequent work b> T 
Hart, F G S at Da^lesford has confirmed the sequence established Laige 
collections made by the Survey at many localities have somewhat extended our 
knowledge of the fauna and its distiibution, but without adding iny features 
of great importance 

The Upper Ordovician ranges north from Eastern Victoria for 300 miles 
into New South Wales In New Zealand Lancefieldian occurs at Preseivation 
Inlet, and two Ckstlemaine zones occur as well It is probable that the A ittoriin 
sequence, and not the British as stated, v\ill be found 

Broadly, the sequence of Australian graptolites agrees with the Euiopean, 
but m details is closer to that of New York, as Ruedemann has pointed out 
The important differences in the range of Didymoqraptus btfidvs, D caduceus 
D mchohoni, LoganograptuSy Clonoqraptua ugtdu^, and some othei genera and 
species negative the idea that graptohte zones are world wide, and as no one 
believes that all genera and species originated in one localitv and radiated thence 
this IS what we should expect 
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0 On the Tertiary Alkali Rocks of Victoria 
By Piofessoi Ernest W Skeats, D Sc 

From Mount Leinster in Benambra, Frenchman’s Hill near Omeo, and Noyang 
in Dargo, three areas m Eastern Victoria, the late Dr Howitt (1) described 
Igneous rocks which belong to the alkali series They were all regarded by 
Hiowitt as of Palaeozoic age The age of the rocks of Noyang, which consist 
mainly of intrusions and lava flows of quartz ceratophyre, has not been closely 
investigated and may be Palaeozoic ^cent work (2), however, has shown, 
especially in the case of the Omeo rocks, that they are probably of mid or even 
of late Tertiary age The alkali rocks of Frenchman’s Hill, described by 
Howitt as intrusive orthophyres, consist really in the main of lava flows of 
anorthoclase trachyte which has a very sconaceous margin to the flows There 
IS a central plug of a coaiser quartz bearing rock allied to solvsbergite and a 
more or less radial system of dykes which are principally tiachytic in chaiacter 
Some, however, contain quartz, one at least is a bostonite, and six oi seven prove 
to be dykes of nepheline phonolite The district is one which has been affected 
by a succession of ele\atory movements of the plateau type since the mid Tertiary 
period, and, according to Giiftith Taylor (3), a more oi less meridional Senkungs 
feld runs thiough the Omeo district a few miles east of frenchman’s Hill The 
locks of Mount Leinster in Benambia consist pnncipallv of solvsbergites, bos 
toiiites, and pyroclastic locks of alkali trach\te Petrologically and chemically 
many of the locks of Mount Leinstei and of Frenchman s Hill closely resemble 
some of the alkali locks of Mount Maredon, ind, like them, are probably of mid 
Teitiaiy age The district has been ele\ated at iiitciVdls duiing the Teitiaiy 
peiiod, but ph\ siographicalh has not been closely studied 

About fouiteen miles noith east fiom Mansfield in north cential V’^ictoiia and 
ibout thiee miles fiom Tolmie, in the Tolmie Highlands, there occuis a \olcanu 
hill, known locally as Gallows Hill, which has recently been shown to consist of i 
volcanic oentie of piobably late Tertiaiy age and to consist of lava flows of 
nepheline phonolite Fiom a locality neai Barwite, east of Mansfield, anotliei 
nepheline phonolite his been found, but its field lelations are at piesent uncei 
tain and no aciount of eithei of these locks has yet been published Fennei (4) 
has recently shown that block elevation and depression have iffected the Mans 
field aiea in recent geologic il times, and that Gallows Hill lies neai one of the 
fault scirps 

The best known iiea of alkali rocks m Victoria is the Mount !Macedon distiut 
about foity miles iioith west of Melbourne (5) The series is of mid leitiiiy 
to late Tertiaiy age, and the lock sequence fiom below upwaids, while not always 
demonstrable, appeals to be as follows — ^Anorthoclase trachyte solvsbeigite, 
anorthoclase basalt, macedonite, woodendite, anoithoclase olivine trachyte, 
olivine anorthoclase ti achy te, limburgite Immediately succeeding these ilkali 
rocks come lava flows of noimal basalt and of andesitic basalt ’Jhe new types 
macedonite and woodendite contain over 1 pei cent of P 0 , and aie i elated to 
tlie orthoclase basalts and to the mugearites 

While this part of Victoria shows evidence by the existence of nioie than one 
elevated peneplain of successive movements of the plateau type, no definite 
evidence of faulting or differentiil movement has been recognised in the district 
In the western distiict of Victoria more or less extensive lava flows of anortho 
clase trachyte occur near Coleraine Carapook, &c (6) Generally the trachytes 
appear to be older than the newer basalts, but near Coleraine a dyke of trachyte 
penetrates a small hill composed of a basic lock resembling olivine basalt, while 
at the Hummocks north of Casterton another trachyte dyke similarly penetrates 
a vent or small flow of olivine basalt Among the elected blocks from the 
earlier members of the Pleistocene newer basalts of Lake Bullenmerri near 
Camper down, are some consisting of cssexite and containing anal cite In the 
western district of Victoria clear evidence of comparatively recent elevatory 
movements is noticeable No definite faults have yet been proved, however, 
and the normal basalts are much more widely spread than the alkali rocks In 
view of Barker’s generalisation as to the close correspondence between the occur 
rence of alkali rocks and elevatory movements of the plateau type, generally 
accompanied by faulting, the above reference to earth movements is pertinent 
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Practically no folding movements are known among the Tertiary rocks of 
Victoria, while plateau movements, generally of elevation, sometimes of depres 
Sion and accompanied by faulting, are widespread Near Omeo and Mansfield, 
where faulting has been demonstrated or inferred, the highly alkaline types of 
nepheline phonolite are developed, but the widespread plateau movements in 
Victoria are more specially associated with the occurrence of the normal basalts 
The alkali trachytes and allied rocks are intercalated betvveen an older and a 
newer basalt senes, are developed only sporadically at certain centres, and as at 
Macedon are closely associated in the field with the newer basalts as rocka of 
slightly greater antiquity but belonging to the same volcanic period 
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0 Oil the Onifiii anil HilattonOnp of the Violoiian Katnn oic Vlali 
Hocks By H S Summers, D Sr 

\lkdli locks of K iinozou age ocdu in Victoiii in the Mutdoii Distint, near 
Cold amt and Caiapook in the Western District, iiid in the neighbomhood of 
Omeo and Mansfield in iMoith Eistern Vutoin Ejected blocks tiom the vol 
canoch iieai CampeidoNMi liaNc been desciibed is essexite, and a similar type 
ilso piobablv ejected, Ills been toiiiid iieai Kvneton With the exception of 
the oicuiiences ot Omeo ind Mansfield all these alkali rocks aie closely associated 
with the Uppei Kainozoic calcic basalts, ind the field lelations are such that 
theie IS little doubt that the alkali rocks and the basalts aie genetically relited 
Numerous analyses (mainly unpublished) have been made of Victoiian basalts 
ind these show tint they are faiily noimal in composition, and consequentU 
should belong to Haiker s Calcic oi Pacific Branch of Igneous rocks vvheieas the 
solvsbeigites, tiachytes, Ac , of Macedon, the phonolites of Omeo and Mansfield 
the essexites ( ’) of C impel down and Kyneton and the tiachytes and anortho 
c Use basalts of the Coleraine aiea must be placed in the Alkali oi Atlantic 
Bi anch 

It follows then that the evidence of the Victorun Kainozoic rocks does not 
suppoit Harkei s geneialisation on Petrogiaphic Regions 

A number of first class analyses has been made of the principal tj pes of the 
Macedon senes, and variation diagiams based on these analyses have been dravin 
(See ‘ Bulletin of the Geol Suriev of Victoria,* No 24, 1912 and ‘Proceedings 
of the Royal Society of Victoiia,* vol xxvi (N S ), pt ii 1914 ) 

It wis found that by le calculating the analyses to 100 pei cent with the 
watei omitted and the feriu oxide leduced to feirous the cuives obtained weie 
better than tliose plotted from the oiiginal analyses 

Ceitain of the analyses did not confoim to the cuives, and at fiist these weie 
regarded as representing hvbrid t\pes but additional work showed that they 
repiescnted complementary types and re^snlted from the splitting up of a magma 
instead of the mixing of magmas 

Some analyses have been made of the alkali rocks fiom other Victorian aieas, 
but not a sufficient number to show the lelationship of the various tvpes to one 
another 
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The conclusions are that the Kainozoic alkali rocks of Victoria are derned 
from the caloic basalts by differentiation, giving rise to several lesser magma 
reservoirs 

In the case of the Macedon magma further differentiation took place and a 
series of lavas was extruded which in general showed a serial relationship, but 
some complementary to one another 


TUESDAY, AVGL^T 18 

The following Papeis were road — 

1 The Permian Breccia of the Midland Gounlies of Britain , a Desert 
Formation By TI T Ferrar, M A , F G S ^ 

During the meeting of the Association at Birmingham last year membeis of 
this Section had an ample opportunity for visiting the chief exposures of the 
so called Permian breccia of the midland counties of England This deposit ma\ 
be briefly described as a mass of sandstones and marls with occasional sheets of 
angular breccia, the latter consisting in a large measure of volcanic rocks, guts 
slates, and limestones which can be identified with rocks on the borders of 
Wales The organic remains which have been recoided are few, but such as 
occur are indicative chiefly of terrestrial surfaces 

The origin of the breccia has given rise to manj speculations, amongst which 
may be mentioned — 

(1) Murchison (1839) legirded it as a volcanic or trappoid breccia marking 
the position of underground masses of volcanic rocks hidden under a covei of 
their own fragments 

(2) Ramsay (1855) asciibed its origin to the existence of glacial conditions in 
Permian times 

(3) Geikie (1892) says with legaid to Scotland that the bieccia has evidentlv 
accumulated in small lakes or narrow fiords during periods of great and rapid 
denudation following uplift of the Uppei Caiboniferous rocks 

(4) Bonney (1902) concludes that breccias are usually indicative of continent il 
conditions, but that glaciers ue necessary foi the transport of the larger boulders 

(6) Lapworth (1912) holds that the> are the memorials of local Alpine 
( onditions 

In Egypt a chain of fold mountains forms the wateished between the Nile ind 
the Red Sea, and the mountains are intersected and drained by steep sided 
goiges or wadis The climate is and with occasional heavy thunderstorms 
causing temporary torrents, which sweep forward all lock material loosened during 
the prevailing dry climate The wadi beds rccene continuously a fresh supply 
of angular debris shed fiom the adjacent bare hillsides, and any fragments 
which may have become rounded or subangular are often shattered before the 
next flood sweeps them forward another stage on their journey towards a more 
permanent resting place, namely, the alluvial plain at the wadi mouth Blocks 
slipping down the bare hillsides become scratched or they may be scratched b> 
mutual impact during a sudden rush of flood water Great blocks are often 
carried fifty or one hundred miles down the wadi channels, and the agency of 
ice need not be invoked to explain their transport 

The valley fill of most wadis in the Eastern Desert of Egypt is an uncou 
solidated breccia so similar to the breccia exposed on Ley Hill, near Birming 
ham, that there is little room for doubt that the two originated under simil ir 
climatic conditions 


^ By permission of the Director General, Egyptian Survey Department 
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2 Note on the Occurrence of Loess deposits in Egypt and its Bearing 
on Change of Climate in j*ecent Geological Times ^ By H T 
Fjdrbar, M a f F G S 

At a recent meeting of the Association Dr Hume and Mr Craig submitted 
the view that there had been no change^ except that of gradual desiccation^ in 
recent geological times in Egypt Since their paper was published, evidence 
that the change of climate has not been uniform has been recorded from neigh 
bouring countries The following short paper is intended to show how aeoliaii 
desertic deposits may be interstratified between freshwater beds without any 
change of climate 

In the northern delta of Egypt are great stretches of flat land a few feet 
above sea level These areas are coveied by ordinary Nile alluvium and 
remain damp during the winter months but dry in summer Owing to the 
evaporation which taxes place during the spring and early summer, soluble salts 
accumulate at or near the surface of the soil rendering it incoherent and 
powdeiy Winds are now able to lift and transport this material until it is 
irrested by the roots of halophyte plants or other obstacles Here also are 
deposited the dead shells of helices, and occasionally also the remains of land 
animals, such as the jackal^ rat, bird^ lizard, or snake, which have been seen 
frequenting dust dune areas In fact, the dust dunes of northern Egypt, known 
as Kaidud to the inhabitants, aie local deposits of Loess 

A depiession of the land of only a few feet, and such as that which has 
taken place since Roman times in Egypt, would cause another fluviatilc la>cr 
containing the common shell Ci/una fluminalis or a lacustrine bed to be 
superimposed upon them It is thus manifest that a desertic deposit mtci 
stiatified between two ficsliwatcr beds is not nctcssaiily a proof of change of 
climate 


J Discussion on Uic Phybiognipluf of irid Lands 

Inliodiiction Bij Piofe&soi Bii T II HoijjWH, KCIE, D St , 

F R S 

The piiiHipal defect in published accounts of the iihysiogiaphy of and liiido 
IS due to the absence of data showing the amount as well as the kind of 
physical changes m progress Ihis deficiency is to be expected Few qualifled 
obs€r\eis are able to study ind lands for long continuous peiiods, such regions 
aio thinly populated, and, fiom an economic point of view, their problems arc 
of relatnelv small impoitance It is not suipiising, therefore, that, while 
wc have abundant illustrations — pictorial and liteiary — legarding the natuic ot 
geological phenomena in the dcseit, we are only to a limited extent able to 
substantiate b^ trustworthy figures our general conclusions regarding the rates 
of destruction, transportation, and reproduction of desert formations 

The investigation made during the years 1903 08 of the salt resources of the 
Rajputana desert was undertaken on behalf of the Government of India with 
a definite economic object in view, and the opportunity was turned to account 
to make a quantitative test of one phase of desert phenomena — namely, the 
aeolian transportation of salt in the foim of fine dust ^ 

There are several intermittent saline lakes lying in depressions on the sand 
covered highlands of Rajputana In one case — namely, the Sambhar Lake — the 
underlying silt, tested to a depth of twelve feet over an area of 68 square miles, 
was found to contain some fifty hve million tons of sodium chloride The 
quantities of salt so stored are altogether in excess of the amount that could be 
accumulated by normal fresh water rivers acting within any reasonable geological 
period under present physiographic conditions There are no rock-salt deposits 
known within the I'egion under consideration, and the underlying rocks are 
Archaean gneisses and schists covered with a thin mantle of sand 

^ By permission of the Director General of the Egyptian Survey Department 
^ For details see T H Holland successive Annual Reports of the Geo 
logical Survey of India published m Records G S I during 1904 09 
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The discovery of small undamaged foiaminifera in the desert sands of 
Barmer and Bikaner by Mr T H D La Touche ^ gave the first clue to the origin 
of this salt, for such foraminifera must have reached the heart of the desert 
by wind traneportation over a distance of some five hundred miles from the 
coast of iCutch Consideration of the meteorological conditions of the area 
increased the plausibility of this suggestion, for during the hot dry season, 
from April to June, strong winds blow from the south west, sometimes with the 
force of gales, especially during the day time, when, under a scorching sun, 
the salt IS absolutely dry and easily powdered The Banii of Cutch during the 
hot dry season partly dries up and becomes covered with a thin incrustation 
of salt, so that eveiy traveller — man or beast — crushes the hopper shaped 
skeleton crystals of sodium chloride, forming puffs of fine saline dust, which 
are wafted away by the strong winds to the north east and towards the desert 
region of Rajputana During the hot dry season these winds maintain a con 
stant direction, they are strong during the day, moderating to a comparative 
calm at nights, but there is never a set back, and they are followed every year 
by the rainy season, which commences about the middle of June 

These winds are specially strong near the coast, but thev dimmish in force 
in the central part of the desert region, and there their load of saline dust 
becomes deposited over the surface of the sand, being washed m solution into 
con\enient hollows during the rainy season, thus forming small lakes, which 
become rapidly reduced to bodies of concentrated brinp during the next follow 
iiig drv cold weather 

Duiiiig the cold ^^edthcl which follows the iniiv season the atmospheie is 
diy, and winds blow generally from tho north and noith east These winds 
aic, howe\ei, comp irati\ ely feeble, ind m any case aie unable to cany an 
ippieciable quantity of silt back to the south west, as the salt is by then 
icciimiilated in the lakes, which iie seldom completclv diy befoie the com 
mencement of tho next following hot weathei, when the lecuning southwest 
winds bung in anothei load of salt dust 

By the elimination of all oihei possible sources of the salt in the lakes of 
the Rajput ina liighlands, and by consideration of the meteoiological condition'^, 
a satisfactoiy theoiy thus became established to account qualitatively for the 
origin of the salt It then became necessary to check the theory by a quanti 
tative test, and this onerous task was undertaken by Dr W A K Chii^^tic, 
with the assist ince of M Vinavak Rao, of the Geological Suryty of India, 
duiiiig the hot weather of 1908 After some months of preliminary expeiiments 
with aitificidl winds to dsceitain the best method of collecting samples and oj 
detci mining the limits of experimental eiror, a liboratory was built in tin 
doscit, wheie anemometer records temperatures and barometic piossures were 
tiken at legular and frequent intervals, while samples of the wind were 
collected at different elevations and analysed As a result of this work, it was 
found tint during four months of the hot drv season of 1908 the amount of 
wind borne salt passing a fiont 300 kilometies broad and 100 metres high must 
have been something of the order of 130,000 tons As the meteorological 
lecords showed that the hot weather of 1908 was a season of unusually weak 
winds, the figure obtained is probably well below the annual average influx of 
salt dust 

Although the results can thus be stated in figures, they refei to one year 
only, and are, in a sense, still only of qualitative value There is no doubt, 
however, that they establish bevond reasonable doubt the theory which had 
been formulated on wider considerations, both negative and positive, as to the 
origin of the enormous quantities of salt now accumulated in the Rajputana 
desert 

It IS necessary, naturally, to exercise caution in extending this theory to 
other desert regions, some of which are, nevertheless, areas of wind inflow 
during hot dry seasons It is also si^ificant that rock salt deposits are 
frequently associated with formations that can best be accounted for as due to 
desert conditions, although such phenomena would be characteristic also of 


^ Mem (rcol Surv Ind , vol xxxv , p 42, 1902 
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aieas wheie, a«? in tlie case of the Kara Bogha? of the ra«?pian, arms of the 
sea are partly cut off and subjected to desiccation 

Although it IS dangerous to generalise from this single instance of Rajputana, 
in spite of its striking and conclusive character, the observations made in that 
region are quoted as an instance of an attempt to check by definite quantitative 
tests general mental impressions of geological dynamics in desert regions The 
object of this communication is mainly to urge the further institution, where 
practicable, of such tests of current theories regaiding the physiographic 
])heriomena of and lands 

Piofessor W M Davis My interest iii the subject pioposed for our discus 
Sion comes from an endea\our to systematise the study of land forms, so tint 
i well trained explorer shall be aided in making accurate and compkte obseiva 
turns of the ground, and in preparing afteiwards for readers as expeit as 
hirnselt a complete and intelligible lecord of his observ ition*^ It would be 
comparatively easy to reduce such a description to simpler or shorter form for 
moie elementary or moic populai use, but it would be impossible to expand 
a shoit elementary account intended for beginners, or a popular account 
intended for genciil rcadeis, into a detailed monograph intended for experts 
The advancement of geographic il science will therefore bo best piomoted by 
stiiving to develop a mature thoroughgoing method for the observation and 
description of all kinds of hnd foims, iiuluding those of dcseits 

Much issistance has boon given to the study of land toims in generil bv 
vvoiking out then evolution as dependent (1) on their structure, (2) on the 
(losionil piooess that woiks upon them, and (3) on the stages whuli the foims 
jnoduced by the work of process on stiuctuie pass thiough, from the initnl 
stige introduced by the movement of a land mass into a new attitude, to the 
ultimate stige when the process concerned has done all its work 

It we classify what his already been accomplished in this diiection with 
lespect to the erosional processes involved, it appeals tliat the theoretical 
sequence of changes determined by the action of ordinary oi normal processes 
on various structures has been worked out with encouraging success, and 
veiified by confrontation with many eximples of actual forms The explana 
toiy method of describing land forms, based on this theoretical sequence, is 
now employed bv a number of geographers The same is true of marine erosional 
processes and ot solutional processes It is less true of glacial processes, though 
much good progress has been mide in that division of the geneial subject 

With legard to and processes, theory has outstripped observation, hence the 
observational study of deserts is much to be desiied as a means of testing, 
collecting, and extending the theory of and erosion The difficulty with the 
descriptions of desert torms hitheito published is that they are so largely 
empirical and so incomplete that it is impossible to tianslate them into the 
phrases of rational or explanatoiy physiography Hence what we now need 
IS, the exploration of deserts by trained students, well infoimed regarding 
modern physiographic theories 

Let me illustrate this by a special case The theory of the evolution of desert 
forms includes a stage in which a lowei basin is about to capture the centripetal 
wash of a neighbouring higher basin, and mother stage in which such i captuie 
has recently taken place The significant characteristics of each of these two 
stages, as well as of many earlier and later stages, have been defined with 
sufficient detail to make their recognition easy, provided thit the observer is 
familiar with them, but it would be as unlikely that an observer untrained in 
ph5’’Siography would see and describe the essential features of these stages of 
desert forms as that an observer untrained in botany would see and describe 
the essential features of plant forms If one looks through various accounts of 
desert exploration, it is usually impossible to determine whether actual 
examples of imminent or of recent basin captures — oi of anv othei special 
features of desert evolution — actually occur 

The most helpful suggestion that I can offer m this connection is that the 
effort should be made to refer every element of desert topography first to 
its proper place with respect to the surrounding contemporary elements in the 
general working of the processes of desert erosion, and, second, to its proper 



366 


TRANSACTIONS OF SECTION 0 


place in the long succession of earlier and later forms bet\^een which it stands, 
for when the elements of a desert landscape are thus seen to be related to many 
other elements^ all systematically disposed in time and place, their observation 
and their description are greatly facilitated 

The equipment of an explorer of deserts with a good knowledge of the 
theory of desert evolution is therefore, as I see it, about as important as his 
equipment with good horses or camels, if it be desired that he should come 
back from his work with a critical record of what he has seen 

Professor J W Gregory remarked that though Scott and jR L Stevenson 
used the term desert in its old sense for any uninhabited land, at present the 
word is restricted to lands uninhabited owing to their and climate No 

numerical limit of desert can be given , and, as Walther has stated, desert can 
not be absolutely defined on biological, morphological, or climatic grounds The 
cause of desert is not only climatic, geological and geographical structure are 
both also influential, countries of permeable or f liable rocks, and existing as a 
plateau with an easy drainage to the adjacent lowlands, are easily rendered 
desert The climatic influence depends more on the complex conditions which 
govern the utilisation of the rain and not on its total amount Proximitv to the 
sea IS consistent with the development of desert conditions 

Desert is often more easily utilised than at fiist appears possible, since the 
soils often contain such rich accumulations of plant foods that the land is \er\ 
fertile when uatered Australian soils often need the addition of phosphate 
since they contain less phosphorus than the amount held by some luthoiitics to 
be necessary for profitable cultivation 

He thought that the only explanation of the low phosphorus content in 
Australian soils and the absence of the usual enrichment of phosphorus in the 
soil as compared with the subsoil is that proposed by Professor Cheir\, who 
attiUbutes these facts to the rarity of mammals in Australia In some c 'ises in 
Australia the poverty of phosphate has been more influential than the aiidity 
in developing desert conditions 

Professor A Penck Deserts are regions of the globe which are not only drv 
but are characterised also by the want of vegetation Taking such a definition, 
Australia has only very few deserts, most of whit is called Australian desert, 
indeed, has scrub, even timber The surface forms of the deserts are more 
closely controlled by water than by wind The latter heaps up the dunes, but 
its erofnve action is rather insignificant in comparison with waterwork exercised 
after rare local rain showers Besides this, the surface of many parts of oui 
deserts has been shaped by water before the desert conditions came in But 
there are deserts which have been deserts for a very long period There has 
been since the end of the Tertiary period a repeated shifting of the climatic 
belts of the earth, which can be observed especially at the equatorial and polar 
^rder of the desert belts, but from the central parts the belt was not shifted 
away 

Mr Griffith Taylor The and region which I know best is situated in 
78° South latitude, but I propose also to discuss the central and region in 
Australia 

In Antarctica are many features which closely resemble those described from 
the desert Angular breccias are being formed abundantly along the facets of 
all the glacier valleys in 78° S Dreikanter are numerous Strim are almost 
absent over miles and miles of moraine The difficulty of determining the 
origin of such deposits in fossil condition is obvious 

Piofessor Gregory has always taken an optimistic view of our own and 
region, perhaps I am less sanguine It behoves us thoroughly to realise the great 
ness of the problem seeing that approximately one million square miles has less 
than 10 inches of rainfall Our visitors who have just seen the region in Western 
Australia have only penetrated the southern fringe Moreover, 10 inches of rain 
in the south mean infinitely more than in the north where evaporation is so 
great 

I hope to see a physiographic survey along the 10 inch isohyet initiated, to 
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determine if there be a distmct difference such as Goyder demonstrated in so 
masterly a manner as a safe wheat Ime (near 13 inches) in South Australia Only 
by such necessary research can we really gain adequate knowledge of the 
potentialities of Australia 

Ml E J Andbews The observations of the writer in lands of sub arid^ or 
arid^ character have been made only in Eastern Australia and in Arizona, 
Nevada, and California in the United States In these regions the surface 
forms testify to the dominating influence of stream action and to the utterly 
subordinate action of the wind in sculpturmg the lands To appreciate the 
part taken in the actual sculpture of desert lands by wind action alone, it is 
necessary to recognise the tact that ordinary water streams produce peculiar 
foims, and that these forms are not the result of the stream activity durmg 
noimal periods, but only during periods of gieat floods actmg perhaps once in 
d decade buch forms, however, are continuously mistaken for those due to 
wind action, by various observeis, and from inteipretations such as these the 
action of the wind as an eroding agent is magnified unduly 

The thalwegs of the Austialian and American valleys commence in well 
inaiked divides, and their slopes thence decrease continuously towards bast 
level Tiibutaiy thalwegs also enter the main valleys at accordant slopes 
llie bases of these valleys aie occupied by pebbles and boulders, while these 
again are covered with deposits of clay and sand Moreover, certain plants 
chaiacteiistic of fairly humid conditions elsewhere occur sporadically in oases 
in Eastern Australia within sub and regions, and this evidence taken as a 
whole indicates a very recent dec*rease in the amount of precipitation in driei 
Eastern Australia buch action has only slightly modified the general appear 
ance of the land foims developed m a previous cycle, save for kilhng off much of 
the vegetation of that previous cycle 

Mr A L Du Toir referred to the dry region of German South West Africa 
and the Kalahari In the coastal sandy wastes, though wind etching is conspicu 
ous, no hollows due to the action of the wind are to be found Inland, hollows 
called ‘ pans,* often saline and usually periodically filled, occur sunk below the 
general surface, and must have been produced by wind erosion All kinds of 
pans, from * living * to ‘ fossil,* can be found, just as in the case of the sand 
dunes 

Ml A T Klmov The general trend of the speakers’ remarks showed that 
desert or lathei and occurrences weie distinctly local, and no generalisation 
could now be made The area in Victoria which might be called and was only 
so on account of its rainfall, which averaged about 14 inches Its vege- 
tation was abundant No definition of deseit had >et been made which was 
ically applicable to it 

The refeience to Goydei’s rainfall line, which was undoubtedly fixed by the 
occuriences of salsolaceous vegetation, needed some comment bait bushes grow 
oil soils suitable to their demands, and lamfall was only a small factor The 
southern limits of Ueterodtndron olmfohum, which agreed with the line of 
distinct change fiom the BuloLe oi hybrid type of Bdar to its typical form, 
was a moic reliable guide, but piofitable agiicultuie had long pass^ even that 
limit 

In regard to Victorian Mallee saline occurrences, these undoubtedly were 
confined to the lowest trough of a synclinorium, and were the exposed surfaces 
of underground sheets of salt water This has been proved by a number of 
bores They were also accompanied by beds or mounds of gypsum or cojn as 
locally named, and lime carbonate The artesian waters of the underlying 
marine beds held the same salts in similar proportions 

In general, lakes or swamps, the terminals of water courses, were fresh, 
as were also the swamps or lakes corresponding with Dr Du Toit*s pans, and 
dependent upon local catchment only for their water supply 

In legard to sand ridges these seolian drifts occur adl over Victor la in the 
western and north eastern portions, which are the most fertile parts of the 
State In the Malice the size and aiiangement of the ridges seem to be 
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particularly influenced by the charactei of the soil In the better parts of the 
Mallee, with stiff clayey soil, they are with difficulty describable In the more 
sandy and medium agricultural soils they had a marked parallelism and weie 
of moderate size, but m the sand hill and heath country (locally known as 
deseit) this parallelism was of a general character only, and the sandhills oi 
ridges weio known as ‘ jumble * Some of these hills were as much as two 
hundred feet in height above the surrounding surface None could be described 
as ‘ dune morte,’ neither was it at all evident that they were fixed or fossil dunes, 
the more likely theory being that they were still being formed by action of 
single sand grain movements Owing to the weather being a succession of 
cyclones there was no prevailing direction of wind, though the westerly course 
of these depressions might be taken as geneially governing the main sweep of 
the winds Taking this as a geneial direction the ridges lun with it and not 
at right angles 

The east winds seldom occui, but frequently are of great force, they never 
shift any sand All otliei winds, particularly the north west, west, and south 
\^est \Mnds, s»hift sand, but only in places where mui has removed the natural 
inotectiou of herbage either by clearing or cultivation or by hres occurring in 
limes of diought None of the sand shifted is an borne, but is rolled along the 
siiifice of the giound At Wirrengren Plain, the termination of the outlet 
(icck 01 the final flow of the Wimmera River, theie weie in the drought of 
1002 iftei a bush file hid sxNcpt over the sand hills on the west some 500,000,000 
( ubic )aids ot sand, or at the rate of 50,000,000 per mile in length drihed on 
to tlic pi mis In the succeeding yeai, one of good rainfall, the herbage again 
lived the Sind lulls, while the sand on the plain gradually diifted eastwards 
until lour yeais ago the plain was again in its original condition Similarly 
the outlet creek iteelf in its course of fifty miles through white sand hills 
letamcd its original section, the siiid blown in at certain exceptional seasons 
gradually drifting out to the eist 

Supplementiim Piofessoi Gregory’s lemarks on the phosphoiic acid contents 
of Victorian soiI7 it should be pointed out that the Mallee soil contained only 
ibout twenty paits per 100,000 oi one half of the average Victorian soil This 
refers to the agncultui il part of the Mallee, whereas in the sand hill and heath 
country the amount of phosphoiic acid was hardly ascei tamable by chemical 
methods, and it was practically non existent 

Ihe methods of firming which led to the successful occupation of all this 
country originated in South \ustralii over forty years ago, wheie the recentlv 
christened ‘dry farming’ had resulted m the prosperous and products e settle 
inent of land with under 10 inches annual rainfall The cost of production of 
wheat was under Is 6d pei bushel, ind there wcic at least a hundred million 
icrcs suitable foi its cultuatioii 

Dr W F Hume The chaiacteis of an and land cannot bo sepaiated fiom 
its past history, and in Egypt five physiogi aphic features of first impoitancc 
ha\e to be considered These are — ■ 

1 A belt of deep depressions in the extreme west, the famous Oases 

2 The bioad waterless expanse of the Western or Libvin Desert, to the 
west of the Nrle, and the corresponding limestone plateau region (the Muza 
Limestone Plateau) to the east of the river 

3 The Nile Valley with its Delta 

4 The Wilderness of the Red Sea Hills and Sinai with its lUggcd mountains 
and tortuous valleys 

5 The Red Sea and its narrow prolongations, the Gulfs of Suez and Akaba, 
together with the coastal plains 

Each of these divisions requires separate tieatment The paper gives a rapid 
sketch of the geological history of Egypt as known to us at present, the formation 
ot the ancient core of Pre Cambrian or Palaeozoic sediments, volcanic rocks with 
invasion by granitic magmas, the brief Carboniferous marine advance, and later 
the much moie impoitant Jurassic Cretaceous transgression, which practically 
affected almost the whole of Egypt, giving rise to the Nubian Sandstone and 
the important phosphate bearing Cretaceous series The Eocene strata which 
form the major portion of Central Egypt ire piobibly termed, at the base, of 
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re made Cretaceous material, and only in their upper portions show marked 
evidence that the underlying sandstones and igneous rocks are undergoing 
erosion 

The re arranging of Cretaceous strata eroded during Eocene times is regarded 
by the wiiter as explaining the great difficulty experienced in drawing a litho 
logical line of unconformity between the beds of these respective periods, though 
the faunal differences indicate the great break between 

Fringing the pre Eocene and Eocene areas of Egypt are a series of Miocene 
and more recent formations which are of great interest both from tectonic and 
economic points of view 

In considering the separate physiographic features it is pointed out — 

(A) In the formation of the Oases it is necessary to consider the denudation 
of the area by marine erosion while rising from the sea and the effects of former 
more humid climatic conditions Where the Nubian Sandstone or other soft beds 
have been exposed, as Beadnell has pointed out, the Oases depression without 
outlet IS produced by wearing through wind blown sand 

(B) The Great Plains of the Libyan Desert are regions of low dip, of meagre 
lainfall, and thus wind is the dominant factor A sandy region to the north 
supplies the sand necessary for erosion The character of the desert surface 
depends on the nature of the geological strata present The undulating gravel 
platf^aux, or s^rir, the limestone expanse, the ‘ melon * country, and the fossil 
floors arc various forms in which the desert presents itself, the mam feature 
being the removal of all paiticles capable of being transported by wind These 
are deposited as sand falls in the wind shadows of the Nile Valley scarp or 
other depressions The sand dunes which are locally developed aie in sharp 
contrast to the mam desert, these probably depending on three mam factors, 
the existence of sandy deposits, determining their source of origin, the usual 
direction of the wind their trend, and the relief of the ground their position 

The Maaza Limestone Region is similar to the Libyan Desert, but has a 
gi eater rainfall It thus presents a fine example of the effects when ram acts 
during short periods on rock surfaces affected by tempeiature variations Deep 
1 ivines, remarkable water holes, caverns, natural bridges, and surface coloration 
films due to the trickling down of ferruginous solutions over cliff walls are 
among the prevailing features m the southern part of this area 

(C) The present course of the Nile Valley appears to depend on three factors 
(a) The formation of the synclme, the axis of which it partly follows, (6) the 
erosion of the softer stiata along then outcrops determining the present north 
south trend of the major courses of the liver , and (c) the possible effect of the 
lotation of the eaith (Van Baer’s law), the stream tending to hug its eastern 
bank Attention is called to the legion of exceptional erosion where heavy 
masses of Eocene 1 mestone rest on and have slipped ovei the subjacent soft 
Cretaceous mails and slates These slips must have been connected with greater 
rainfall and earth movement as widespread ten aces extend m front of the mam 
cliff and rise to some 110 metres above the present rivei level The triple 
tei racing of the Nile is biiefly considered 

(D) The ^fountain Region of the Eastern Deseit is essentiallv an anticlinal 
aiea, where tension is m excess of compiession The diffeiential movements 
aie considerable, minor folds play a conspicuous part, and great fiactures detei 
mine earth featuies of considerable magnitude The result is that the masses 
of granite and metamoiphic rocks hidden beneath the surface m Central Egypt 
arc here exposed by denudation, forming the Red Sea Hills and Smai 
mountains 

The different geological foimations give use to veiy vaiied suiface features 
Attention is called to the importance of ram as a sculpturing agent The soft 
Nubian sandstone is easily eroded both by wind borne sand and by water, giving 
use to conspicuous depressions In the granitic are is temperature variation 
breaks up the solid rock, huge domes are produced by flaking off of concentric 
shells Dykes give rise to maiked differences m surface outline, the harder 
quartz poiphyiies detei mining the foim and general trend of manv of the 
mountain summits, while the softer diabases, being easily eioded, give rise to 
gullies seaming the piecipitous sides of the granitic hills The general character 
of the country where schists ind volcanic rocks are present is also desciibed 

1014 n B 
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(£) In the Gulf of Suez area another factor has come into play Here sea- 
arms project far inland between land surfaces subject to desert conditions, and 
their waters become centres of far reaching chemical activity Thus coral reefs 
are changed to dolomites, sea shells of carbonate of lime to gypsum, hydro 
carbons are in quantities of economic importance, and mineralis^ areas of lead 
and zinc ores, of manganese oxide, of iron pyrites, and of sulphur are present 
in the young Tertiary beds which fill these Red Sea depressions From Suez 
to beyond Halaib, that is, throughout the length of Egypt, gypsum forms a 
conspicuous fringe between the ancient hills and the sea, generally dipping 
gently seaward on the borders of the Bed Sea itself Further north, in the 
Gulf of Suez area, the conditions are more complicated Dyapir, or piercing 
folds such as have been described by Professor Mrazec in Rumania, are ot 
common occurrence, and there is remarkable interplay between the hard and 
soft members of the folded series 

The surface structure of an and land is not only the diiect reflex of its 
geological structure, but also of former climatic change Many factors in Egypt 
point to great rainfall in the past, such as gravels of igneous material in the 
Nile Vallgy far from their source of origin, masses of tia\ertine in the Oases, 
the varying terraces of the Nile Valley itself, the evidence of expansive lakes 
at Kom Ombo, &c 

Though the mam features of a desert land depend on the geological structure 
and in part on past climatic conditions, there aie characteristics which aie typical 
of all and regions These are far removed fiom the great marine areas and 
from the zone of rainfall dependent upon solar activity in lands beneath the 
tropics 

These typical desert features have already been referred to, and include — 

1 The sweeping of all fine mateiial fiom the surfaces of the plains by the 
action of the wind, and formation of j^lciteau summits 

2 Intense scouring of these surfaces by wind diiven siiid 

3 The breaking up of the most solid locks by tempeiaturc \ai ration 

4 The formation of sand dunes behind obstructions oi where the zelicf of 
the ground favours their development 

6 The formation of mushroom shaped julHrs, or staiidiiig out of haidci 
materials on bases undercut by the sand 

6 Ihe foimation of sand woin pebbles ol tvpical angular outlines, the well 
known Dreikante 

7 Vermicular mai kings on limestones, due it may be to etching duiing the 
movement of evaporating saline solutions 

8 Formation of deseit crusts by leaching out of the soluble materials con 
tdined in the rocks, with evaporation at^ the surface, resulting in deposition of 
the oxides of iron and manganese Mr Lucas, Director of the Survey Depart 
ment Laboratory, has made a special study of these desert and river films, the 
latter probably only difieimg from desert ones in degree 

9 Flaking off of surfaces in the surface zone affected by temperature vaiia 
tion Also fracture due to the same cause Fragments of porphyry, limestone, 
&c , are often split into a scries of parallel flakes standing verticallv, their 
oiigmal connection to one another being clearly indicated by their close juxta 
position 

In the half desert where ram, though brief, is intensely active while it 
lasts, a series of interesting phenomena are presented deep caflon like valleys, 
boulder strewn gullies, saw back ridges, parallel dyke country, saUne marshes, 
dry waterfalls or steep precipices in the valley floors, and great talus slopes 

Mr Febbab, in reply to a question asked by Professor A P Coleman, 
explained that the slope of the wadis from the watershed towards the Nile was 
about 1 to 1,000 and towards the Red Sea 1 to 200 or 1 to 300, but that the 
slope was of little moment, owing to the sudden rush of stozm water from Its 
gathering ground on the bare mountain sides He had not actually observed 
scratchings on rocks because they had not been sought, but he had seen great 
heaps of boulders in unstable equilibrium, which, if overbalanced, could not 
avoid being mutually scratched He was aware that tho sciatches on some of 
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the block«i of the so called Permian breccias were merely eroded veins or 
filaments of mineral which could be seen inside the rocks if they were broken 
across, and that there was little similarity between the wadi breccias of Egypt 
and the moraine breccias of Antarctica With regard to Mr Du Toit’s remarks 
on salt pans he agreed that dunes to leeward pointed to erosion and that tlieie 
fore we should expect to find a great accumulation of dunes to leeward of the 
Egyptian Oases such accumulations are wanting Professor Penck’s observa 
tions on the poleward movements of deserts could be interpreted in two ways 
either the in draught of air towards the equator carried sand from temperate 
zones on to the sub desert areas, thus rendering them essentially deserts and 
causing a poleward migration of their edges, or, and this has an important 
bearing on the size of Polar ice caps, our eaithly boiler and condensers (the 
Tropics and the Poles) are losing in eflSciency, and consequently both regions 
are becoming drier The Wastwater Screes were a known example of breccias 
forming in a region whose climate is hardly desertic 

Mr Ferrar said he was well aware that the Nubian Sandstone was exposed 
in the floors of the oases and that vast quantities of rock material had been 
removed, nevertheless he still found himself in Professor Walther’s position of 
ten years ago, and, after seeing wind driven sand tending to fill the oases 
depressions and not excavate them, did not think the wind erosion theory con 
sistont nor a sufficient explanation of their origin He holds the view that 
wind erosion tends to remove all rugosities and that the ultimate physiography 
of an and land surface is a smooth level plain 

With regard to Sir Thomas Holland’s criticism as to quantitative results, 
Mr Ferrar suggested that data, similar to that collected in Rajputana by the 
Indian Geological Survey, could be obtained by measuring the quantity of sand 
brought in to the oases at their northern ends and the quantity earned out 
southwards Any difference would show the rate of erosion or deposition, 
according to sign 

Tn concluding his remarks Mr Ferrar thanked his audience for their interest 
in and then appreciation shown towards his papers 

After remarks by Mr D M S Watsov, the discussion closed 


WnnWESDU , AVGUST 19 
The following Papers were read — 

1 On the Aqe and Sequence of the Tertiani Strata of South-Eastern 
Australia By Frederick Chapman, A Tj S 

Divisions of the Kainozoic 

It IS convenient to divide the Australian Teitiary system into four or five 
main series, using the local terms suggested by Hall and Pritchard In ascend 
ing order, these, according to the writer, are — 

1, Balcombian 2, Janjukian 3, Kalimnan 4, Werrikooian Above these 
comes the Pleistocene series, referred by many geologists elsewhere to a separate 
system, the Quaternary 

These divisions, broadly speaking, correspond with — 

1, Oligocene 2, Miocene 3, Lower Pliocene 4, Upper Pliocene 
The present writer maintains that, giving due allowance to time discrepancies 
in regard to the factor of distribution of life forms over wide areas, guide fossils 
are probably as important in dividing and allocating these beds to the well known 
horizons of the northern hemisphere as are percentages of living forms in these 
fossil deposits The percentage method can only be used with safety as an 
approximate guide to age, seeing the difficulty of obtaining an agreement amongst 
zoologists as to what constitutes a species 

The above senes of European divisions correlated with the Australian 
corresponds almost exactly with McCoy’s original determinations, augmented by 

B B 2 
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observations on faunas and stratigraphic relationship of the beds made b> the 
writer during twelve years' attention to this subject 

Sequence of the Bed^ 

With regal d to the sequence, some Victorian authors liold the opinion tliat 
the Janjukian series is oldei than the Balcombian, but the confusion seems to 
have arisen from the occurrence of a large number of persistent species, especially 
of mollusca, passing up from the argillaceous Balcombian into the Janjukian clay 
senes Where faunistic and stratigraphic relationships were both doubtful the 
term Bar woman was suggested, which included both Balcombian and Janjukian 
If, however, we regard the scope of the Janjukian in its broad sense as embracing 
all phases of sedimentation, of one long time series, the term Barwonian is no 
longer needed, its members being included in the term Janjukian The sequence 
of the beds 1, 2, and 3 as given here has lately been established by the author 
from evidence obtained in cliff sections at Muddy Creek near Hamilton, and in 
the bores put down in the Mallee and at Sorrento 

Other authors since McCoy agreed as to the present sequence, but diffeied in 
regal d tq^the age of the oldest beds, which they held to belong to the Forenc, 
miking the succeeding beds roirespondingly older 

Guide Fo^^ds 

The vinous members of the Australian Kainozoic system have been lefeired 
by the wiiter to the horizons given above, chiefly through a study of the cetacean 
types, the fish remains, the molluoca, the polyzoa, the ostracoda, and the 
foramimfeia In the oldest beds (Balcombian) a predominant fossil is Ampins 
tegma, long mistaken for Nummuhles lartolana, the latter genus in reality being 
absent In the limestone phase of the succeeding Janjukian beds the Miocene 
type of toothed whale, Parosqualodon, occasionally occurs, in the marls the 
Miocene genus Spirulirosira t whilst the Burdigalian forms of Lepidoiyclina are 
abundant in the polyzoal series of the Janjukian In the Kalimnan series cetacei 
known elsewhere in the Pliocene Crag (Diestian and Astian) of Antwerp and 
England, as Scaldicetus and the ziphioid whales, are characteristic fossils The 
above interpretation of the Australian Tertiary sediments agrees also with the 
data acquired by Australian physiographists, and is that generally accepted for 
New Zealand and Patagonia 


Terrestiial Series 

The terrestrial Tertiary deposits, so far as they ire known, are assigned to the 
various horizons as follows — 

Balcombian — Leaf beds of Mornington and the brown coil of the Altona Bay 
Coal shaft 

Janjukian — Leaf beds of Sentinel Rock (Cape Otway), Haddingle> near 
Bacchus Marsh, Pitfield Plains, Narracan, Dargo High Plains and the Oldei 
Deep Leads in Victoria Leaf beds of Dalton, Gunning, and Vegetable Creek 
in New South Wales Leaf beds of Lake Irome, &c m South Australia 

Kalimnan — Newer Deep Leids, Haddon, Victoria Also of Giilgong in New 
South Wales 


2 The Ago and Sequence of the Viclortan Tcrlmrios 
By T S Halt., M A , I) Sc 

The chief difficulty that meets one in attempting to decide the age of the 
marine Tertiaries of Southern Australia is their wealth in well preserved fossils 
Irom the oldest series, the Barwonian, which includes the closely allied 
Janjukian and Balcombian, about 1,800 species have been described This 
includes over 800 mollusca, some 500 polyzoa, and about 40 brachiopoda, 
60 echinoids, 80 corals, and a large number of foraminifera The Kalimnan 
yields about 260 described species, mainly mollusca, while the Werrikooian 
affords close upon 200 species of described mollusca It may safely be said that 
when the fauna of the Barwonian, at any rate, is fully described the total will 
be doubled, for, taking the mollusca, the small forms, which are extremely 
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abundant, have not been touched, and a large number of new species in almost 
all groups are known, but remain undiagnosed 

The basis of classification is in dispute In spite of all objections I adhere 
to the Lyellian percentage method as yielding the best results Another method 
has been adopted by Ortmann in dealing with the Patagonian Tertiaries It 
consists in comparing each species with species of known age in the northern 
hemisphere, deciding which is the nearest * ally * or * representative,’ and 
referring the southern formations to those northern ones which yield the greatest 
number of * relationships ’ It passes by as of no importance all the southern 
forms Harris suggests using phylogeny part passu with the Lyellian method 
The objection urged against the Lyellian method is that the personal equation 
enters too largely into it, and we do not know what a species is H von Ihering 
has discussed Ortmann’s method fully, and objects to it To my mind the 
personal equation is as prominent in it as in the Lyellian, and it demands an 
amount of knowledge of the Tertiary faunas of the world that no one can 
possibly have at first hand, and enormous collections, quantities of each species, 
that no museum is likely to contain As regards phylogeny, we cannot use it 
till we know the sequence 

Confining ourselves to the mollusca, we find Tate recognising about a dozen 
recent species in the Bar worn an Later authors have more or less definitely 
recognised about half a dozen more As we have over 800 named species in this 
series of beds, we may double the number of recent ones without seriously 
effecting the result 

Assuming that the Bar woman is Eocene, for some age has to be assumed, I 
have elsewhere discussed most of the genera that transgress i Some pass up 
from Mesozoic times, others are extensions back from younger horizons in the 
noith, or fiom recent seas Besides this the absence of many modern genera 
must be insisted on It is customary for those who hold that the Barwonian 
IS younger than Eocene to label all the old genera * survivals * This hardly 
settles the question Leaving the land fauna on one side, there are some un 
doubted survivals in the Indo Pacific, but it may be asked, Did nothing originate 
in the southern seas and slowly migrate northwards’ Ihe real place of origin 
iiid age of the transgressing genera cannot be settled of! hand by northern 
standards 

The Barwonian is divided into Balcombian and Janjukian, but their relation- 
ship has been vigorously discussed By far the greater part of the fauna is 
common to the two Passing by the discussions between Professor Ralph Tate 
and Mr J Dennant on the one side, and Dr G B Pritchard and myself on the 
othei, which ended, as such discussions frequently do, in a series of flat contra 
dictions as to facts, we may consider Mr F Chapman’s position 

Ml Chapman asserts that the Batesford limestone is typical Janjukian, and 
appears to conclude that all the polyzoal limestones, and there are many, are 
also Janjukian He argues on the same data that the Janjukian is the younger 
series Tate, Dennant, Pritchard, and myself, however much we differed on 
other points, agreed that the age of the limestones must be decided by reference 
to the rich fauna of the clays Mr Chapman makes no reference to an inter 
calated clay bed in the Batesford limestone from which Dr Pritchard and myself 
collected forty five species, mainly mollusca Of these only one is confined to the 
type Janjukian locality, while twelve have never been found there, but are 
confined to typical Balcombian beds The rest are common to both series 
The limestone, then, as we asserted, is Balcombian and not Janjukian More- 
over, we showed, by a careful examination of the area, that the limestone passed 
under clays which are typically Balcombian, and can be traced to Orphanage 
Hill, onlj a couple of miles away M‘Coy grouped the Orphanage Hill beds 
with those of Mornmgton, that is, with the type Balcombian section Tate, 
Dennant, Pritchard, and myself agree with the grouping, and Mr Chapman 
still labels the Orphanage Hill fossils Balcombian in the National Museum 
If, as Mr Chapman asserts, the Batesford limestone is Janjukian, then the 
Balcombian is the younger and not the older member, as he asserts The 
stratigraphical facts are unimpeachable 

The Mount Gambler limestoiieb must, as the contained mollusca show, be 

^ Bep lust Assoc Adv Stitntc, llobait, 11X12, Pies Addi bet C 
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associated with the Balcombian of Muddy Creek The polyzoal limestone of 
Muddy Creek rests on quartz porphyry, and is the basal member of the series 
It lias been traced by Dr Pritchard and myself passing under the more loosely 
compacted ibeds of the district, and is inseparable from them 

The polyzoal limestones of Jan Juc, Waurn Ponds, and a few other places 
are Janjukian, and the evidence rests on the mollusca, but this has no bearing 
on Mr Chapman’s main contention 

The relative age of the Janjukian and Balcombian is a difficult question 
M^Coy, Tate and Dennaiit, and Chapman consider the Janjukian the younger 
Dr Pritchard and myself consider the reverse to be the case 

As regards the other formations, it may be briefly said that the estimate of 
their age depends on that of the Barwonian If this be Eocene, they are 
Miocene and Pliocene respectively, if not, they must be placed higher in the 
scale 


8 , Oyi the Age and Sequence of the VicLonan Terhanes 

By G B Pritchard, D Sc 

Tertiaiy geology in Soufcli Eastern Australia has been fruitful of much 
diffeience of opinion, jiartly on account of lithological vaiiations associated with 
palccontological variations which have not always received due weight, the diffi 
culty of correlating disconnected outcrops, bores, and shafts, and the degree of 
antiquity nnd relative age of the various hoiizons represented Tlie vaiious 
changes in this work have no doubt been a stimulation to some, but to many it 
has been, and still is, very confusing 

It happens that marine deposits are well developed, many showing a remark 
able wealth of fossils, and these have attracted more attention than their terres 
tiial and volcanic associates Amongst the marine fossils, mollusca are usually 
very striking, and it is only natural to compare these with Austialian living 
forms In this way a succession can be determined for the fossil faunas as at 
present known, showing further and further removes from the living 

{a) Wernkooian — ^The type locality is at Limestone Creek, a small tiibutaiy 
of the Glenelg River, in the parish of Werrikoo, South Western Victoria 
These beds bear a moUuscan fauna strictly comparable with living forms along 
the southern coast except for the occurrence of a few species at present unknown 
amongst the living fauna 

(6) Kalimnan — ^The type locality is near the township of Kalimna, Gipps 
land Lakes, Eastern Victoria The fauna of these beds is also comparable in 
general facies with the recent, iii the proportion of bivalves to univalves, and 
relative abundance of representatives of other groups It includes extinct 
genera, as well as a veiy high proportion of extinct species 

(c) Balcombian — The type locality is at Balcombe’s Bay, east shore of Port 
Phillip The fauna of these beds is richer and more varied than the existing 
Southern fauna, its general facies is more comparable with Northern Australian 
forms In the present state of our knowledge it contains rather more than two 
per cent of extinct genera, and even allowing a wide margin for differences of 
opinion the living species would barely represent two per cent 

{d) Janjukian — ^Coastal sections on Bass Strait, parish of Jan Juc, south of 
Geelong The fauna from ifchese beds appears to be furthest removed from the 
living, based on a review of the genera which shows between five and six per 
cent extinct, whilst the species only show about one per cent living forms 

When the typical fossils are no't obtainable it is not easy to state whether a 
rock series is Balcombian or Janjukian To meet this difficulty the wider term 
Barwonian has been given, as both these horizons are well developed m the 
Barwon Basin 

Stratigraphical evidence also exists in confiimation of the above sequence in 
the Mooiabool Valley, in the coastal sections from Port Campbell to Cats* Reef 
and elsewhere 
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4 On the Age of the Lower Tertiary Marine Rocks of Australia By 
E Bullen Newton 

The author referred briefly to the valuable palaeontological work on the 
Australian Tertianes carried out by such prominent authors as M'Coy, Ralph 
Tate, Dennant, Hall, Pritchard, Ac , the majority of whom favoured an Eocene 
Age for the Lower Tertiary deposits of Australia The late G F Harrw 
doubted the existence of such a formation, whilst M Cossmann could see no 
relationships among the Lower Tertiary Opisthobranchs from Australia with 
Eocene forms from Europe 

Mr F Chapman, palaeontologist of the Melbourne Museum, has studied this 
subject, and proves very conclusively that those beds hitherto regarded as 
Eocene belong to the Miocene period — a view which the author fully supports 
Mr Chapman’s work on the Batesford limestone is important in this connection, 
because of its containing Leptdocyclina^ Amphistegina, and Tjithothfimnium — 
all of which characterise the Miocene beds of Europe, Java, Sumatra, Borneo, 
Formosa, &c , the absence of nummulites in this limestone is against its age 
being either Eocene or Oligocene These same limestones have also >ielded 
Mollusca and Brachiopoda, as well as Carchnrodon mtgalodon, which has its 
origin in Miocene rocks The author was of opinion that the Lower Teitiiry 
faunas of Australia presented in some cases a recent facies, m others a Mioceno 
facies AMth relationships to both European and South American species of th it 
period Among shells showing a resemblance to those of piesent day seis, he 
mentioned Cas^n confusii^, Siphonnha spatiosa, Typlns Incimatiis, all Tate s 
species, and mostly from the Muddy Creek deposits, and many more '^pecies 
might be quoted exhibiting a more or le'^s recent appearance Among fos^^il 
forms more particularly referred to was the ituria ntvn var mi^trah^^ which 
has been recognised as coming fiom the Eocene of Austrilia Although gnen 
a \arietal name, this Cephalopod is not to bo separated from the Miocene ’Species 
of Europe known as itxma atun, and with this statement Air Crick, of the 
British Museum, thoroughly agrees The species is found in many of the 
Australian deposits, as also in the Tible Cape beds of Tasmania, the 0am \ru 
beds of New Zealand, the Navidad beds of Chili, South America, as ilso in the 
European Miocene The more oi less pointed rostrum of ^pmdxro^tra rurfn 
illustrates an affinity with Miocene forms rather than with Foceno, which are 
more obtuse 

The large Cyproco^ described by M‘Coy as Oligocene should more probablv 
be regarded as Mioceno, since they come from the Gellibrand Ri\er Beds, 
Muddy Cieek deposits, &c which also contain the Atvrm ntuu, before men 
tioned The Brachiopods of the Lower Tertiary deposits of Australia show 
a somewhat recent facies, a striking form being Mngellania qarihaldinna — a 
species occurring in the Alount Gambier Beds in association with the 
AtxiTia aturi 

Fven before Mr Chapman pointed out the Miocene chaiacters of the Lower 
Tertiary deposits of Australia, Dr Ortmann, of the United States, had pub 
lished in 1902 his impoitant monograph on the Tertiary deposits of Patagonia, 
in which ho compared the faunas of that continent woth tliose of Austialn 
His researches were against the presence of Foceno in the Tertianes of 
Australasia, and those beds hitherto recoided as such he identified as 
Miocene, and contemporaneous with the Pareoia beds of New Zealand, Navidad 
senes of Chili, and the Patagonian deposits, all of which showed unmistakable 
affinities with each other and favoured the view that a former connection 
existed between South America and Australasia 

The term Oligocene among Australasian marine Teitianes, the author was 
inclined to abandon because of the absence of Nummulites, their place being 
taken by Amphtategina and Lepidocychne foims of Foraminifera Such rocks 
he would regard as Miocene This would apply to the Balcombian and 
Janjukian beds of Mornington Ac and the older deposits of Muddy Creek and 
other localities 
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5 The Cat elation 0 } the Australian Marine Kainodoic Deposits — 
Evidence of the Echinoids, Bryozoa^ and ^ome Vertebrates 
By Piofessor J W Gregory, FES 

Correlations of the Kainozoic deposits which extend along southern Austialia 
have been proposed in accordance with two mam conclusions According to 
the first, these deposits include marine representatives of all the Kainoroic 
systems from the Eocene to the Pleistocene According to the alternative 
explanation, most of the deposits belong to the middle part of the Kainozoic, and 
include essentially one fauna When I succeeded M*Coy in Melbourne in 1900 
T had to consider this question, and carefully examined the evidence given by 
the two groups of animals in which I was most interested, the Echinoidea and 
the Bryozoa, and also compared their evidence with that of some fossil verte 
brates The second correlation seemed the better to agree with the evidence of 
these groups The Echinoidea had been regarded as indicating the Eocene age 
of some of the deposits, for one characteristic fossil had been referred to the 
genus Holaster This determination had, however, been revised and the fossil 
referred -to a new genus, Duncamaster, whose affinities are with much latex 
echinoids than HolnHer The fossil echmoids could all be included in one 
fauna, some of the most characteristic species, such as Clypeaster giupslandtcu^ 
and MonostycJna av^trnlis, range from the Balcombian to the Kalimnan, and 
Lovmia forbest has the same variations in the Janjukian and Kalimnan Some 
of the rarer species are limited to one locality, but that is probably only due 
to their scarcity The characteristic Echinoids indicate one fauna, which is 
essentially Miocene, though it mav have oveilapped with the upper Oligocene 
and lower Pliocene The evidence of the Echinoids is decidedly in favour of 
the view that there has been one great marine transgression along the southern 
coast of Australia, which reached its maximum in the Miocene if it were not 
confined to that system 

The evidence of the Bivozoa is less definite, but when carefully examined it 
supports the same conclusions Many of the genera lived in the Eocene and 
Cretaceous, but most weight should be given to the most specialised Cheilosto 
mata found in these deposits Some well known living species, such as 
lletepora heanianOj Smittia reticulata, and Porella slenei, are found in the 
Victorian beds, and they indicate an upper instead of a lovvei Kainozoic age 
The survival of some older Bryozoa is less significant than the first appearance 
of the highly developed upper Kainozoic species Macgillivray in his monograph 
(1895) said that the Victoiian Bryozoan fauna included no Eocene members, and 
that the different horizons represented were not very different in age With 
those conclusions I fully concur 

The vertebrate evidence appears to me to suppoit the same determination 
The appearance of Squalodon, Scaldtcetus, and Ziphtus, and of such well known 
species of sharks as Carcharodon megalodon and Oxyrhma hastahs, which range 
from the lowest to the highest of the main Victorian marine series, is in favour 
of those beds being not earlier than Miocene It is true that both species have 
been recorded from the Eocene of the United States, but these Ameiican 
Atlantic deposits are not an altogether satisfactory basis for correlation, and 
these species make their first appearance in the standard Kainozoic succession 
of Europe in the Miocene, and they last on to the Pliocene 

The classification adopted recentlv by Mr Chapman seems to me in essential 
agreement with the evidence of the Echinoids, Bryozoa, and Vertebrates, most 
of the marine Kainozoic beds of southern Australia belonging to the Tanjukian 
and being of Miocene age 


6 The Evoliiiion of Victoria dunnq the Kainozoic Period 
By T> J Mationy, M Sc , F G S 

The Kainozoic period in Victoria is characterised by great eaith movements 
accompanied by volcanic action, the present topography is a consequent 
development 

The central highland aiea (Palieozoic rocks) extends from the eastern 
boundary of the State westwards to the Grampians , to the north and south 
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it IS bounded by low lying plains (Kainozoic strata), vilncli gradually broaden 
towards the west until they merge into one another To the south Wilson's 
Promontory (granite), South Gippsland (Mesozoic), and the Cape Otway district 
(Mesozoic) rise above plains The highland area is essentially a dissected 
peneplain sinking from some 5,000 feet above sea level in Gippsland to 900 feet 
at its western extremity , the onlj Kainozoic rocks upon it are river gravels, 
lake deposits, and volcanics 

The plains (500 feet) are Areas of Kainozoic sedimentation with some inter 
bedded and overlying volcatiic rocks , the sedimentary series consists of 
lacustrine or estuarine beds, followed by marine clays (Oligocene), foraminiferal 
limestones (Miocene), and sandstones (Pliocene) These beds rest upon 
Palaeozoic or Mesozoic rocks 

On the surface of the ancient peneplain, 5,000 feet above sea level, ( ’) Miocene 
plant remains and river gravels are preserved beneath basalt at Dargo High 
Plains This indicates a long pre Miocene period of quiescence followed by a 
great upbft This area has not been submerged during the Kainozoic 

The nature of the Kainozoic series indicates that, outside the highland area, 
a gradual subsidence of considerable magnitude (Oligocene and Miocene), accom 
panied by volcanic outbreaks (Miocene), was followed by re elevation to a 
maximum of about 900 feet above sea level (Pliocene or post Pliocene) There 
18 evidence to show that the movements weie not uniform in direction, though 
the net result was depression or elevation Bass Strait is a recently sunken 
area in which equilibiium has not "vet been established 

The nearly horizontal position of the Kainozoic rocks indicates that the mov e 
ments were vertical, and there are, moreover, examples of Kaino?oic faults in 
which the differential movement amounts to 900 feet 

Ihe volcanic rocks are basaltic except for sporadic occurrences of alkili 
locks in Eastern, Central, and Western Victoria 

The Older Basalts are most abundant to the east of Melbourne Some 
remnants occur on the ancient peneplain 3,000 feet above the present stieams, 
but the most extensive areas are at lower levels in South Gippsland At Flinders 
the Older Basalt underlies marine Miocene, and has been pro\ed h} boiing to 
be over 1,300 feet thick, and to extend from sea level to that depth In some 
instances the age can be conclusively proved, but in othcis the e\idence is poor 
These basalts are associated with the first great period of earth movements 
The Newer Basalts are most extensively developed in the western dibtiitt, 
where their northern boundarv is not far from the 500 feet contour, here thev 
overlie marine Kainozoics Large areas are also found on the plateau west of 
Kilmoie and along its northern fianks The Newer Basalts are never covered 
by maiine deposits, except recent accumulations near the cosst their surface 
IS little denuded, and many of the cones of loose scoiia are almost perfect 
It appears that the Newer Basalts mark the close of the last gieat movement 
which elevated the marine Kainozoics 

In New South Wales and South Australia earth movements on a grand scale 
took place dining the Kainozoic period, yet volcanic action was comparatively 
insignificant 


7 The Tertiary Brown CoaUheds of Victoria 
By IT Hprmw, B C E , M M F , F G S 

The blown coal beds of Victoria are piobablv the thickest >et recorded in 
the world The more extensive aieas are the La Trobe Valiev, Albeiton, 
Altona, and Lai Lai Minoi beds aie widely distributed 

The geological age has not vet been definitely fixed, except at Altona, where 
a brown coal seam 140 feet thick underlies marine Oligocene beds Flows of 
basalt overlie the brown coal in places, and underlie it in others The range in 
age IS probably from Oligocene upwaids ^cims outciop at Narracan, Thoip 
dale, Dean's March, Morwell, and Boolarra 

Wheie below the surface the seams are prospected b\ boiing In many boies 
coal of several hundred feet in thickness is shown, one bore had an aggiegate 
thickness of 781 feet of coal in a depth of I 010 feet The overburden is from 
a few feet to 500 feet deep 



378 


TRANSACTIONS OF S3«mON V 


In the Alberton area of about 300 square miles and the La Trobe Valley area 
of 700 square miles there is probably 30,000,000,000 tons of coal The approxi 
mate area at Altona is 200 square miles, with a probable avera^ge thickness of 
60 feet of coal At Lai Lai the coal covers three ‘square miles with an average 
thickness of 80 feet 

The geological and geographical distribution of the various brown coal seams 
IS still being ascertained by boring , the bores are being systematically tested for 
calorific value, gas production, and by products A typical analysis of the 
brown coal, as freshly mined, is — 



Per cent 

H 20 

63 00 

VHC 

24 50 

PC 

2160 

Ash 

100 


100 00 

Sulphur 

Nitrogen 

Calorific value 

Evaporation value 
(las p'‘r ton 

0 7 per cent 

0 3 per cent 

6 600-6 OQO B T U 
4 lb water 

6 500 cubic feet 


Ammonium sulphate per ton (thcorct’oal) *12 lb 


Experiment il uoik has also pro\ed that under propci conditions i fiim luid 
biiqnette can bo produced without the iid of in ag^lutinint bindci It is 
suitable also for use in the gas ptodncei, the improiements in which of lecent 
years bid fair to give brown coal in impoitant pi ice in the powei fuels of th*' 
woild at no distint d ite 


Sydney 

Fin DAY, AUGUST 21 

After the Piesident had delivered his Address (see p 144) the following 
Papeis were read — 

1 The Geology of New South Wales Bt/ E F Pittm\n 


2 The Age of the Permo-Carboniferous Glacial Beds 
By Dr A Vaughan 


3 Report on the Erratic Blochs of the British Isles 
See Eepoits, p 111 


4 Repoit of the Committee to consider the Preparation of a List of 
Characteristic Fossils — See Eepoits, p 111 


6 Report on the Geology of Ramsey Island, Pcmbroheshire 
See Eeports, p 111 


6 Report on the Old Red Sandstone Rocks of Kiltorcan, Ireland 
See Eeports, p 113 
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7 Report on the Fauna and Flora of the Tnas of the Western Midlands 
See Eeports, p 114 


8 Report on the Excavation of Critical Sections in the Lower PalcBOzoic 
Rocks of England and Wales — See Eeports, p 116 

9 Report on Geological Photographs 


10 Report on the Microscopical and Chemical Composition of 
the Charnwood Rocks 


11 Report on the further Exploration of the Upper Old Red Sandstone 
of Dura Den — See Eeports, p 116 


12 Report of the Commitlee to consider the Preparation of a List of 
Stratigraphical Names — See Eepoits, p 113 


TUESDU, iU GUST 26 

Joint Discussion with Sections D, F, and K on Past and Present 
Relations of Antarctica in their Biological, Geographical, and 
Geological Aspects — See p 409 


The follow*ing Papers were then read — ■ 

1 On the Term Permo-Carboniferous and on the Coi relation of that 
System By W S Dun and Professor T W Edgeworth David, 
CM G 

The teim Perino C?diboiufeioub w is oiigiiiall^ ipplied to certain foiiii itioiis 
111 Queensland which on stratigi iphic il evidence were at the time considered 
to belong to one and the same general system At the time it was considered 
that a series of stiata at Gympie, which contained an assemblage of fossils 
of distinct Permian aflinities, vei'e stratigraphical]} below another set ol 
stiata known as the Star Beds The latter contain imong other fossils 
Philltpsia, Ltpidodendton austiah, and Aneiviites, all typical Caiboniferous 
tossils in Australia, and the first mostly of Devonian age Accordingly these 
formations were grouped together undei the term Pei mo Carboniferous, and 
the name has subsequently been widely used It has now been proved that, so 
tdi as Queensland is concerned, the name has been given m eiior The 
Gympie Beds are stratigraphical ly above the Star Beds, not below as was 
oiigiridlly supposed Nowhere in Austialia or Tasmania lias a smgle trilobite 
or Lepidodendron evei been found in our Carboniferous rocks proper In the 
absence of a zoning of these Carboniferous rocks it is impossible to say what 
exactly arc its equivalents m other parts of the world If it is wholly Lowei 
Carboniferous, as some suppose, there may be some justification for the retention 
of the term Pei mo Carbonifeious, but if its fauna and flora ascend to Upper 
Carboniferous, then it is suggested that there is much to be said in favour of 
using the term Permian instead In Russia Schtzodus occurs iii nunibcis 
beneath the whole not only of the Glossoptcns beds, but of the GanganiopUris 
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beds also of the Dwma system In South America the Lower Bocks of the 
Santa Gatharina system appear to be more Permian than anything else, and 
the occurrence of the strong swimming reptile Mesosaurus both in the Permo 
Carboniferous rocks of South America and of South Africa su^ests that the 
South African Permo Carboniferous rocks also may be chiefly Permian 

In the correlation of the Australian Permo Carboniferous formations, special 
emphasis is laid on the Indian facies of the West Australian Permo 
Carboniferous fauna 

2 The Great Australian Artesian Basin and the Source of its Supply 

ByB ¥ Pittman 


3 The Geological Relations of the Artesian Water beanng Beds of 
Southern Queensland By S Dunbtan 


4 The Post Jurassic Geography of Australia Notes on the Hypothesis 
of Isostasy By E 0 Andrews 

The doctrine of isostas> implies the general correspondence, in weight, of all 
\ertical columns of unit size composing the Earth’s crust to a depth known as 
the depth of compensation This depth is taken at 122 kilometres below sea 
level by Hayfoxd ^ 

The excess of height of the unit columns, m continental aieas, is con 
sideicd as being compensated by the excess of ciustal density in suboceanic 
aieas Isostatic compensation is supposed to follow rapidly upon loading and 
unloading Examples of such loading are sedimentation and the formation of 
a continental Ice Sheet, while examples of unloading aie erosion and the 
disappearance of an Ice Sheet The adjustment is considered to be a gradual, 
rathei than a spasmodic, process Anomalies of gravity, however, aie recorded 
fiom many localities, and Gilbert ^ suggests that the explanation of such is 
to be sought in nucleal heterogeneity 

Geography — East and West Australia form two positive, or buoyant, ele 
incuts, while the Inland Plains, in the main, represent a negative, oi sunken, 
aiea With these three elements should be considered New Zealand, Malaysia, 
the South Pacific, the Indian, and Southern Oceans 

Duiing Cietaceous time a gieat plain of erosion appears to have been 
formed in the positive elements of Australia, while the extensive epicon 
tinental sea of that period was filled with the waste derived from the neighbour 
ing erosion Subsequently, both the old plain of erosion and the northern 
portion of the area of sedimentation weie elevated to a moderate height and 
a long peiiod of equilibrium and erosion ensued This sequence of elevation 
and of pauses of equilibrium with erosion was repeated until the close of 
the Kosciusko Period,^ the pauses between the uplifts becoming less impor- 
tant, but the amount of vertical movement becoming correspondingly emphasised 

At various stages of the process basalts flooded Eastern Australia, especially 
in areas of older sedimentation The appearance of the old basalt covered 
stream drifts is suggestive of a temporary subsidence for the plateau areas 
during the basaltic period 

Strong streams, such as the Shoalhaven and the Hawkesbury, maintamed their 
general courses against the uplifts along their lower portions Hence it is 
inferred that the uplifts were effected slowly, nevertheless the periods of equi- 
librium separating the revivals of elevation were of much longer duration than 
the uplifts themselves 

' Hayfoi:d, J F , * Figure of the Earth and Isostasy,’ U S Coast and 
Geodetic Survey, Washington, 1909 

* Gilbert, G K , * Interpretation of Anomalies of Giavity,* U S Geo 
logical Survey, Washington, 1913 

* Closing Tertiary 
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The researches of Dutton, Hayford, Bowie, Gilbert, and others appear to 
have placed the doctrine of isostatic compensation upon a firm basis , neverthe 
less, the operation of the adjustments does not appear, as yet, to be understood, 
and it IS probable that cognisance has not been taken of all the factors 

In the example cited, of the elevation of both the Great Mesozoic peneplain 
and a great portion of the loaded offshore area, it seems difficult, under the 
doctrine of continuous compensation, by erosion and sedimentation, to explain, 
in the first place, how the positive element could remain, for ages, in the one 
general position of equilibrium, while the offshore area was being loaded , and, 
in the second place, how the elevatory movement could have received its initial 
impetus, especially as the effect appears greater than the cause if it be assumed 
that the Cretaceous sedimentation gave rise to the Tertiary uplifts On the 
other hand, the foundering of suboceanic areas in the neighbourhood might be 
adduced as an explanation, but the evidence is not at all conclusive on this 
point 

The history of the revivals of elevation during Tertiary time over Eastern 
\ustralia indicates crustal adjustment by jumps, and in this case also the 
increasing amount of vertical movement suggests that the elevations of the 
plateaus more than compensate for the erosion sustained in these legions during 
recent geological time 

The extrusion of the basalts is in harmony with the doctrine, but the 
action appears to have been catastrophic, rather than gradual, in nature 

The sequence of geographical forms cited suggests that sedimentation in- 
fluenced the formation of plateaus only in a minor degree, but, on the other 
hand, that stresses accumulated gradually within the zone of compensation, until 
a belt of weakness, or mobility, was established by means of which the ill 
adjusted portions were connected Upon the arrival oi such a stage adjustment 
ensued with relative rapidity with the production of epeirogenic uplifts and 
depressions This neither denies the ability of a load, such as a mass of sedi 
ments, or an Ice Cap, to depress the underlying region, nor does it seek to 
exclude the tendency for an unloaded area to rise, it merely assigns to such 
agents a subordinate part in the shaping of the greater features of the Earth’s 
crust 

It IS probable also that an analysis of a series of gravity measurements 
which may be taken hereafter in Australasia would reveal the existence therein 
of gravity anomalies, and it is probable also that the disposition of these would 
be other than those which might ha\e been inferred from a mere inspection 
of the topography 


5 llip MclaUngenetir Provinces of Ea^^ern \u^traha 
By C \ SussMiiCH 


6 Non Fiulence for Darutn\ Theorg of Coral Brrf^ 
/??/ Professoi W M D\'ms 


7 The Genesis of the Diamond in New South Wale<i By L \ Cotto\ 


8 The Occurrence of Spihtic Laias in New South Wales 
By Vif N Benson 


0 Stivctural Features of the Coal fields of Pennsylvania and iheir 
Influence on the Origin of Hard Coal By Professor E S Moore 
M i , PhD 

There are two main coal fields in Pennsylvania, the Bituminous and the 
Anthracite The latter field comprises an area of approximately 480 square miles 
situated in the highly folded portion of the Appalachian Province, while the 
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former field covers a much larger area with but gently folded strata Between 
these two fields are limited areas underlain by semi anthracite coal in strat i 
which have suffered a medium amount of diastrophism 

So close IS the relationship between intense diastrophism and the development 
of anthracite coal, that the influence of pressure — combined with conditions 
favourable for the escape of the volatile constituents from tho vegetable mattci 
— seems to be self evident, although othei theories, such as tho action of bacteri i, 
&c , have been advanced to account for the origin of anthracite Tlie structuio 
of some of the anthracite basins is extiemely complex, and the coal can often be 
mined only by special methods, especially where the Mammoth seam reaches 
60 feet in thickness 

In the Bituminous field, * rolls * and ‘ horsebacks ’ are common, and investiga 
tion has shown that these are, usually, nearly parallel to the larger mountain 
structures 
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Slciion D — ZOOLOGY 

Till blDLNl Oi IIIL SlCTION rROlES&OR \lillIUR DeNDY, D bc , F 11 S 


Mllbourxl 
FlllDU, AVGV^T 11 

llie President dehvcied the following Addicss — * 

Progressne Eiolutton and the Origin of Species 

Thl opening years of the picsent century have witnessed a remaikable de\tlop 
ment of Biology as an expeiimental science, a development which, howevei lull 
of promise it may be for the future, for the time bemg appeals to have resulted 
in a widespiead distuibance of ideas which have themselves only recently 
succeeded in gaming general acceptance The theory of organic evolution, 
plainly enough enunciated at the close of the eighteenth and the begmmng of 
the nineteenth century by BuRon, Lamaick, and Erasmus Darwin, lemained 
uuconvincmg to the great majority of thinking men until the genius of Chailes 
Dai win not only brought together and presented the evidence in such a mannei 
that it could no longei be ignored, but elaborated a logical explanation ot the 
way 111 which organic evolution might be supposed to ha\e taken place 
1 hanks to his labours and those of Alfred Russel Wallace, supported by the 
powerful inlluence of such men as Huxley and Hooker, the theory was x^laced 
upon a firm foundation, in a position which can never again be assailed with 
any prospect of success 

This statement is, I believe, cntiicly justified with rcgaid to the theory 
of organic evolution itself, but the case is ^ery different when we come to 
investigate the position ot the various subsidiary theories which have been init 
forward from time to time with regard to what may perhaps be termed the 
viodus operandt, the means by which organic evolution has been effected It 
IS in this field that controversy rages more keenly than ever before Lamaick 
told us tint evolution was due to the accumulated results of mdividual effort in 
response to a changing environment, and also to the direct action of the environ 
ment upon the oiganism Darwin and Wallace taught us that species 
oiiginated by the natural selection of favourable variations, and undei the 
inlluence of Weismann s doctrine of the non inheritance of acquired characteis 
the theory of natural selection is in danger of becommg crystallised into an 
indexible dogma In recent years De Yiies has told us that species arise by 
sudden mutations, and not by slow successive changes, while one of the most 
extreme exponents of * Mendelism,’ Professor Lotsy, lately informed us that all 
species arise by crossing,* and seriously suggested that the vertebrate type arose 
by the crossing of two invertebrates ' 

This curious and many sided divergence of opinion amongst expert biologists 
IS undoubtedly largely due to the introduction of experimental methods into 
biological science Such methods have proved very fruitful in results which 
at first sight seem to be mutually contradictory, and each group of workers has 
built up its own theory mainly on the basis of observations in its own lestiictcd 
field 
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Professor Bateson has said in his recently published * Problems of Genetics ’ 

* When we contemplate the problem of Evolution at large the hope at the 
present time of constructing even a mental picture of that process grows weak 
almost to the point of vanishing We are left woi^denng that so lately men in 
general, whether scientific or lay, were so easily satisfied Our satisfaction, as 
we now see, was chiefly founded on ignorance ’ ^ 

In view of this striking pronouncement on the part of one who has devoted 
his life with signal success to the experimental investigation of evolutionary 
problems, the remarks which I propose to lay before you for your consideration 
to day may well appear rash and ill advised I cannot believe, however, that the 
position IS really quite so black as it is painted We must perforce admit that 
the divers theories with regard to the working of organic evolution cannot all 
be correct in all their details, but it may be that each contams its own elements 
of truth, and that if these elements can but be recognised and sorted out, they 
may peihaps be lecombined in such a form as to afford at any rate a plausible 
working hypothesis We must bear in mind from the outset that in dealing with 
such a complex problem many factors have to be taken into account, and that 
widely different views on the question may be merely onesided and not neces 
sarily mutually exclusive 

I take it there are three principal facts, or groups of facts, that have to be 
accounted for by any theory of organic evolution — 

(1) The fact that, on the whole, e\olution has taken place in a progressive 
manner along definite and divergent lines 

(2) The fact that individual animals and plants aie more or less precisely 
adapted in their organisation and in their behaviour to the conditions under 
which they have to live 

(3) The fact that evolution has resulted in the existence on the eaith to day 
of a vast number of more or less well defined groups of animals and plants which 
we call species 

The first of these facts appeals to me to be the most fundamental, and at the 
same time the one to which least attention is usually paid The great question, 
after all, is. Why do organisms pi ogress at all instead of remaining stationary 
from generation to generation ’ To answer this question it is not necessary to go 
back to the beginning and consider the case of the fiist terrestrial organisms, 
whatever they may have been, nor are we obliged to take as illustrations the 
lowest organisms known to us as existing at the present day We may consider 
the problem at any stage of eNolution, for at each stage progress is or may be, 
still taking place We may even begin by considering what is usually legaidcd 
as the highest stage of all, man himself , and indeed this seems the most natural 
thing to do, for we certainly know more about the conditions of progress in man 
than in any other organism I refer, of course, at the moment, not to progress 
in bodily organisation, but to progress in the ordinary sense of the word, the 
progress, say, of a family which rises in the course of a few geneiations from 
a position of obscuie poverty to one of wealth and influence You may perhaps 
say that such a case has no bearing upon the problem of oiganic evolution in a 
state of nature, and that wc ought to confine our attention to the evolution of 
bodily structure and function If so, I must reply that you have no light to 
limit the meaning of the term evolution in this manner, the contrast between 
man and nature is purely arbitrary, man is himself a living organism, and 
all the improvements that he effects in his own condition are part of the progiess 
of evolution in his particular case At any rate I must ask you to accept this 
case as our first illustration of a principle that may be applied to organisms 
in general 

If we inquire into the cause of the progress of our hujnan family I think there 
can be only one answer — it is due to the accumulation of capital, or, as I should 
prefer to put it, to the accumulation of potential energy, either in the form of 
material wealth or of education What one generation saves is available for the 
next, and thus each succeeding generation gets a better start in life, and is able 
to rise a little higher than the preceding one 

Every biologist knows, of course, that there are many analogous cases amongst 

^ Pfohhms of Gtnetxcs^ p 07 
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the lowei animals, and also amongst plants The accumulation of food yolk m 
the has undoubtedly been one of the chief factors m the progressive evolu 
tion of animals^ although it has been replaced in the highest forms by a 
more effective method of supplying potential energy to the developing offspring 
It may indeed be laid down as a general law that each generation, whether of 
animals or of plants, accumulates more energy than it requires for its own main 
tenance, and uses the surplus to give the next generation a start in life There 
is every reason to believe that this has been a progressive process throughout 
the whole course of evolution, for the higher the degree of organisation the more 
perfect do we find the arrangements for securing the welfare of the offspring 

We cannot, of course, trace this process back to its commencement, because 
we know nothing of the nature of the earliest living things, but we may pause 
for a moment to inquire whether any phenomena occur amongst simple 
unicellular organisms that throw any light upon the subject What we want to 
know IS — How did the habit of accumulating suiplus energy and handing it on 
to the next generation first arise’ 

'Students of Professor H S Jennings’ admirable work on the * Behaviour of 
the Lower Organisms * will remember that his experiments have led him to the 
conclusion that certain Protozoa, such as Stentor, are able to learn by experience 
how to make prompt and effective responses to certain stimuli, that after they 
ha\e been stimulated in the same way a number of times they make the appro 
pi late response at once without having to go through the whole process of trial 
and error by which it was first attained In other words, they are able by 
practice to perform a given action with less expenditure of energy Some 
modification of the protoplasm must take place which renders the performance 
of an act the easier the oftener it has been repeated The same is of course 
true in the case of the higher animals, and we express the fact most simply by 
saying thit the animal establishes habits From the mechanistic point of view 
we might say that the use of the machine renders it more peifect and better 
adapted for its purpose In the present state of our knowledge I think ve 
(annot go beyond this, but must content ourselves with recognising the power of 
profiting by experience as a fundamental property of living protoplasm 

It appears to me that this power of profiting by experience lies at the root of our 
problem, and that in it we find a chief cause of piogressive evolution Jennings 
speaks of the principle involved here as the * Law of the readier resolution of 
physiological states after repetition,* and, similarly, I think we must recognise 
a ‘ Law of the accumulation of surplus energy * as resulting therefrom Let us 
look at the case of the accumulation of food yolk by the egg cell a little more 
closely from this point of view Ev ery cell takes in a certain amount of potential 
energy in the form of food for its own use If it leads an active life, either as 
an independent organism or as a constituent part of an organism, it may expend 
by far the greater part, possibly even the whole, of that energy upon its own 
requirements, but usually something is left over to be handed down to its imme 
diate descendants If, on the other hand, the cell exhibits very little activity 
and expends very little energy, while placed in an environment in which food 
is abundant, it will tend to accumulate surplus energy in excess of its own needs 
Siuh IS the case with the egg cells of the multicellul ir animals and plants 
Moreover, the oftener the piocess of absoibing food material is repeated the 
easier does it become , in fact, the egg cell establishes a habit of storing up 
reserve material or food yolk Inasmuch as it is a blastogenic character, there 
can be no objection to supposing that this habit will be inheiited by future 
generations of egg cells Indeed we are obliged to assume that this will be the 
case, for we know that the protoplasm of each succeeding generation of egg cells 
IS directly continuous with that of the preceding generation We thus get at 
any rate a possibility of the progressive accumulation of potential energy in the 
germ cells of successive generations of multicellular organisms, and of course 
the same argument holds good with regard to successive generations of Protista 
It would seem that progressive evolution must follow as a necessary result 
of the law of the accumulation of surplus energy in all cases where there is nothing 
to counteract that law, for each generation gets a better start than its prede 
cessor, and is able to carry on a little fnrtiher its struggle for existence with the 
environment It may be said that this argument proves too much, that if it 
1914 C o 
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were correct all organiems would by this time have attained to a high degree of 
organisation, and that at any rate we should not expect to find such simple 
organisms as bacteria and amcebse still surviving This objection, which, of 
course, applies equally to other theories of organic evolution, falls to the 
ground when we consider that there must be many factors of which we know 
nothing which may prevent the establishment of progressive habits and render 
impossible the accumulation of surplus energy Many of the lower organisms, 
like many human beings, appear to have an inherent incapacity for progress, 
though it may be quite impossible for us to say to what that incapacity is due 

It will be observed that in the foregoing remarks I have concentrated atten 
tion upon the storing up of reserve material by the egg cells, and in so doing 
have avoided the troublesome question of the inheritance of so called acquired 
characters I do not wish it to be supposed, however, that I regard this as 
the only direction in which the law of the accumulation of surplus energy can 
manifest itself, for I believe that the accumulation of surplus energy by the 
body may be quite as important as a factor in progressive evolution as the coi re- 
sponding process in the germ cells themseheo The parents, in the case of the 
higher ^inimals, mav supply surplus energy, in the form of nutriment or other 
^Mse, to the offspring at all stages of its development, and the more capital the 
young animal receives the better will be its chances m life, and the better those 
of ite own offspring 

In all these processes, ro doubt, natural selection plays an important part 
but, in dealing with the accumulation of food material by the egg cells, one of 
my objects has been to show that progressive evolution would take place even if 
there were no such thing as natural selection, that the slow successive variations 
in this case are not chance variations, but due to a fundamental propeity of 
living protoplasm and necessarily cumulative 

Moreover, the accumulation of surplus energy in the foim of food yolk is 
only one of many habits which the protoplasm of the germ cells may acquire in 
A cumulative manner It may learn by practice to respond with increased 
promptitude and precision to other stimuli besides that of the presence of 
nutrient material in its environment It may learn to secrete a protective mem 
brane, to respond in a particular manner to the presence of a germ cell of the 
opposite sex, and to divide in a particular manner after fertilisation hrs taken 
place 

Having thus endeavoured to account for the fact that progressive evolution 
actually occurs by attributing it primarily to the power possessed by living 
protoplasm of learning by experience and thus establishing habits by which it 
is able to respond more quickly to environmental stimuli, we have next to 
inquire what it is that determines the definite lines along which progress 
manifests itself 

Let us select one of these lines and investigate it as fully as the time at our 
disposal will permit, with a view to seeing whether it is possible to formulatr ar 
reasonable hypothesis as to how evolution may have taken place I^ us take 
the line which we believe has led up to the evolution of air h’eaihing verte 
brates The only direct evidence at our disposal in such a caaris, of course, the 
evidence of palseontology, but I am going to ask you tr allow me to set this 
evidence, which, as you know, is of an extremely frsgmentary character, aside, 
and base my remarks upon the ontogenetic evubnee, which, although indirect, 
will, I think, be found sufficient for our puipobe One reason for concentrating 
pur attention upon this aspect of th? /voDlem is that I wish to show that the 
ecapitulation of phjlojKiit^tic history in individual development is a logical 
necessity if nas really taken place 

'We may legitimately take the nucleated Protozoon cell as our starting point, 
for, whatever may have been the course of evolution that led up to the cell, 
there can be no question that all the higher organisms actually start life in this 
condition 

We suppose, then, that our ancestral Protozoon acquired the habit of taking 
in food material in excess of its own requirements, and of dividing into two 
parts whenever it reached a certain maximum size Here again we must, for 
the sake of simplicity, ignore the facts that even a Protozoon is by no means a 
simple organism, and that its division, usually at any rate, is a very complicated 
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process Each of the daughter cells presently separates from itS sister cell 
and goes its own way as a complete individual, still a Proto7oon It seems not 
improbable that the separation may be due to the renewed stimulus of hunger, 
impelling each cell to wander actively in search of food In some cases, how 
ever, the daughter cells remain together and form a colony, and probably this 
habit has been rendered possible by a sufficient accumulation of surplus energy 
in the form of food yolk on the part of the parent rendering it unnecessary for 
the daughter cells to separate in search of food at such an early date One of 
the forms of colony met with amongst existing Protozoa is the hollow sphere, 
as we see it, for example, in Sphserozoum and Volvox, and it is highly probable 
that the assumption of this form is due largely, if not entirely, to what are 
commonly called mechanical causes, though we are not in a position to say 
exactly what these causes may be The widespread occurrence of the blasto 
sphere or blastula stage in ontogeny is a sufficiently clear indication that the 
hollow, spherical Protozoon colony formed a stage in the e\olution of the higher 
animals 

By the time our ancestral organism has reached this stage, and possibly even 
before, a new complication has arisen The cells of which the colony is com 
posed no longer remain all alike, but become differentiated, piiniarily into two 
gioups, which we distinguish as somatic cells and germ cells respectively 

From this point onwards evolution ceases to be a really continuous process, 
but IS broken up into a senes of ontogenies, at the close of each of which the 
organism has to go back nnd make a fresh start m the unicellular condition, foi 
the somatic cells soonei or later become exhausted in their conflict with the 
environment and perish, leaving the germ cells behind to take up the running 
That the germ cells do not share the fate of the somatic cells must be attributed 
to the fact that they take no part in the struggle for existence to which the b^y 
n exposed They simply multiplv and absorb nutriment under the protection 
of the body, and therefore letain their potential energa unimpaired They are 
in actual fact, as is so often said, equivalent to so many Protozoa, and, like 
the Protozoa, are endowed with a potential immortality 

We know that, if placed under suitable conditions, or, in other words, if 
evposed to the proper environmental stimuli, these germ cells will give rise to 
new organisms, like that in the body of which they were formerly enclosed 
One of the necessary conditions is, with rare exceptions, the union of the germ 
cells in pairs to form zygotes or fertilised ova, but I propose, in the first 
instance, for the sake of simplicity, to leave out of account the existence of the 
sexual process and the lesults that foLow therefrom, postponing the considera 
tion of these to a later stage of our inquiry I wisn, moreover, to make it quite 
clear that organic evolution must have tiken place if no such event as amphimixis 
had ever occurred 

What, then, may the germ cells be expected to do’ How are they going to 
begin their development ' In endeavouring to answei this question we must 
remember that the behaviour of an organism at any moment depends upon two 
sets of factors — the nature of its own constitution on the one hand, and the 
nature of its environment on the other If these factors are identical for 
tiny two individual organisms, then the behaviour of these two individuals must 
be the same If the germ cells of any generation are identical w th those of the 
preceding geneiation, and if they develop under identical conditions then the 
soma of the one generation must also be identical with that of the other ** 
Inasmuch as they are parts of the same continuous germ plasm — cleaving out 
of account the complications introduced by amphimixis — we may assume that 
the germ cells of the two generations are indeed identical ni nearly every 
respect , but there will be a slight difference, due to the fact that those of the 
later generation will have inherited a rather larger supply of initial energy and a 
slightly greater facility for responding to stimuli of various kinds, for the 
gr^ual accumulation of these properties will have gone a stage further The 
environment also will be very nearly identical in the two cases, for we know 
from experiment that if it were not the organism could not develop at all 

® This IS, of course, a familiar idea Compare Driesch^ Gifford Lectures, 
1907, p 214 
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Throughout the whole course of its ontogeny the organism must repeat with 
approximate accuracy the stages passed through by its ancestors, because at 
every stage there will be an almost identical organism exposed to almost identical 
stimuli We may, however, expect an acceleration of development and a slight 
additional progress at the end of ontogeny as the result of the operation of the law 
of the accumulation of surplus energy and of the slightly increased facility in re 
spending to stimuli The additional progress, of course, will probably be so 
slight that from one generation to the next we should be quite unable to detect 
it, and doubtless there will be frequent backslidings due to various causes 
We can thus formulate a perfectly reaaonible explanation of how it is that 
the egg first undergoes segmentation and then gives rise to a blastula resembling 
a hollow protozoon colony , it does so simply because at every stage it must do 
what its ancestors did under like conditions We can also see that progressive 
evolution must follow from the gradual accumulation of additions at the end of 
each ontogeny, these additions being rendered possible by the better start which 
each individual gets at the commencement of its career 

Let us now glance for a moment at the next stage in phylogeny, the con 
version of the hollow spherical protozoon colony into the coelenterate tvpe of 
organisation, represented in ontogeny by the process of gastrulation Here 
again it is probable that this process is explicable to a large extent upon 
mechanical principles According to Rhumbler,^ the migration of endoderm 
cells into the interior of the blastula is partly due to chemotaxis and partly to 
changes of surface tension, which decreases on the inner side of the vegetative 
cells owing to chemical changes set up in the blastocoel fluid 

We may, at this point, profitably ask the question. Is the endoderm thus 
formed an inherited feature of the organiam’ The material of which it is 
composed is of course derived from the egg cell continuously by repeated cell 
division, but the way in which that material is used by the organism depends 
upon the environment, and we know from experiment that modifications of the 
environment actually do produce corresponding modifications inithe arrangement 
of the material We know, for example, that the addition of salts of lithium 
to the water in which certain embryos are developing causes the endoderm to be 
protruded instead of invaginated, so that we get a kind of inside out gastrula, 
the well known lithium larva 

It appears, then, that an organism rc'^lly inherits from its parents two things 
(1) a certain amount of protoplasm lorded with potential energy, with which to 
begin operations, and (2) an appropriate environment Obviously the one is useless 
without the other An egg cannot develop unle'ss it is provided with the proper 
environment at every stage Therefore, when we say that an organism inherits a 
particular character from its paients, all we mean is that it inherits the power 
to produce that character under the influence of certain environmental stimuli * 
The inheritance of the environment is of at least as much importance as the 
inheritance of the material of which the organism is composed The lattei 
indeed is only inherited to a very small extent, for the amount of material m 
the egg cell may be almost infinitesimal in comparison with the amount present 
in the adult, nearly the whole of which is captured from the environment and 
assimilated during ontogeny 

From this point of view the distinction between somatogenic and blastogenic 
characters really disappears, for all the characteis of the adult organism are 
acquired afresh in each generation as a result of resiponsc to environmental 
stimuli during development This is clearly indicated by the fact that you 
cannot change the stimuli without changing the result 

Time forbids us to discuss the phylogenetic stages through which the coelen 
terate passed into the coelomate type, the ccelomate into the chordate, and the 
chordate into the primitive vertebrate We must admit that as yet we know 
nothing of the particular causes that determined the actual course of evolution 
at each successive stage What we do know, however, about the influence of 
the environment, both upon the developing embryo and upon the adult, is sufli 

* Quoted by Przibram, Experimental Zoology ^ English Trans , Part I , p 47 
^ Compare Dr Archdall Reid’s suggestive essay on * Biological Terms * 
{Bedrocl, January 1914) 
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cient to justify us m believing that every successive modification must have been 
due to a response on the part of the organism to some environmental change 
Even if the external conditions remained practically identical throughout long 
periods of time, we must remember that the internal conditions v>ould be 
different in each generation, because each generation starts with a slightly 
increased capital and carries on its development a little further under internal 
conditions modified accordingly 

At this point it may be asked. Is the response to environmental stimuli a purely 
mechanical one, and, if so, how can we account for the fact that at every stage 
in its evolution the organism is adapted to its environment’ We shall have to 
return to this question later on, but it may be useful to point out once more 
that there is good reason to believe — especially from the experimental work of 
Jennings — that the response of even a umcellular organism to stimuli is to a 
large extent purposive, that the organism learns by experience, by a kmd of 
process of trial and error, how to make the response most favourable to itself 
under any given change of conditions , in other words, that the organism selects 
those modes of response that are most conducive to its own well being Under the 
term lesponse to stimuli we must of course include those responses of the living 
piotoplasm which result in modifications of bodily structure, and hence the 
evolution of bodily structuie will, on the whole, be of an adaptive character 
and will follow definite lines There is good reason for believing, however, that 
many minor modifications in structure may arise and persist, incidentally as it 
were, that have no significance as adaptations 

One of the most remarkable and distinctive features of the lowei vertebrates 
IS the presence of gill slits as accessory oigaius of respiration These gill slits 
ere cleaily an adaptation to aquatic life When the ancestors of the higher 
vertebrates left the water and took to life on land the gills disappeued and 
weie replaced by lungs, adapted for air breathing Ihe change must, of couise, 
have been an extiemel^ gradual one, and we ^et a veiy clear indication of how 
it took place in the surviving dipnoids, which have remained in this respect in 
an intermediate condition between the fishes and the amphibia, possessing and 
using both gills and lungs 

Wc also know that even the most highly specialised air bieatlung veitcbiatts, 
which nevei live in water and never lequiie gills oi gill slits at all, ncvcithelebs 
])osbess veiy distinct gill slits during a certain period of then development Ihis 
is one of the most familial illustiations of the law of recapitulation, and my 
only excuse for bringing it forward now is that I wish, before going fuither, to 
lonsidei a difficulty — peihaps moie appuent than leal — that aiibCb in connection 
with such cases 

It might be aigued tint if gill slits arose in response to the stimuli of aquatic 
life, and if these stimuli are no longei opeiative in the case of air breathing 
veitebiates, then gill slits ought not to be developed at any stage of then 
existence This aigument is, 1 think, fully met by the following considerations 
At any given moment of ontogenetic development the condition of any organ 
is merely the last term of a series of morphogenetic stages, while its environ 
ment at the same moment — which of couri>e includes its relation to all the othei 
oigans of the body — is likewise merely the last term of a series of environmental 
stages We have thus two parallel series of events to take into consideration in 
endeavouring to account foi the condition of any pait of an organism — or of the 
organism as a whole — at any period of its existence — 

Ej Ej E/» environmental stages 

Ml Ml Mj Mrt morphogenetie stages 

Ontogeny is absolutely conditioned by the proper coi relation of the stages of 
these two series at every point, and hence it is that any sudden change of 
environment is usually attended by disastrous consequences Thus, after the 
fish like ancestors of air breathing vertebrates had left the water and become 
amphibians, they doubtless still had to go back to the water to lay their eggs, 
m order that the eggs might have th6 proper conditions for their development 
Obviously the environment can only be altered with extreme slowness, and 
one of the first duties of the parent is to provide for the developing offspring 
conditions as nearly as possible identical with those undei which its own develop- 
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ment took place It is, however, inevitable that, as phylogenetic evolution pio 
gresses, the conditions under which the young organism develops should change 
In the first place, the mere tendency to acceleration of development, to which 
we have already referred, must tend to dislocate the correlation between the 
ontogenetic series and the environmental series Something of this kind seems 
to have taken place in the life cycle of many Hydrozoa, resulting in the sup 
pression of the free medusoid generation and the giadual degeneration of the 
gonophore But it is piobably in most cases change in the environment of the 
adult that is responsible for such dislocation 

To return to the case of the amphibians At the present day some amphi 
bidiis, such as the newts and tiogs, still lay tneir eggs in watei, while the 
closely related salamandeis retain them in the oviducts until they have developed 
into highly organised aquatic larvae, or even into what is piactically the adult 
condition Kammerer has shown that the peiiod at which the young are bom 
can be varied by changing the envuonment of the paient In the absence of 
water the normally aquatic larvae of the spotted salamander may be retained in 
tne oviduct until they have lost their gills, and they are then bom in the fullj 
de\ eloped condition, while, conversely, the alpine salamander, whose young aio 
normally born in the fully developed state, wiAout gills, may be made to deposit 
them prematurely in water in the larval, gill bearing condition 

There can be no doubt that the aiicestial amphibians laid their eggs in water 
in a completely undeveloped condition The habit of retaining them m the body 
during their development must have arisen very giadually in the phylogenetic 
history of the salamanders, the peiiod for which the young were retained 
growing gradually longer and longer It is obvious that this change of habit 
involves a corresponding change in the environmental conditions under which 
the young develop, and in cases m which the young aie not born until they 
have reached practically the adult condition this change directly affects 
practically the whole ontogeny We may say that the senes 

El El E^ E« has bccoine 

and as the change of ciiviionment must pioducc its effect upon the dc\ eloping 
organism the series 

M| M2 M3 M/i will ha\u become 

M/ Ma' M3' M^‘ 

We must lemembei that thioughout the whole couise ot plij-logenetic evolu 
tion this senes is constantly lengthening, so that what was the adult condition 
at one time becomes an embiyonic stage in future geiieiations, and that the 
series thus represents not only the ontogeny, but also, though in a more or less 
imperfect manner, the phylogeiiy of the organism 

The character of each stage in ontogeny must depend upon (1) the moipho 
logical and physiological constitution of the preceding stage, and (2) the nature 
of the environment in which development is taking place We cannot, however, 
distinguish sharply between those two sets of factors, for, in a certain sense, 
the environment gradually becomes incorporated in the oiganism itself as 
development proceeds, each part contributing to the environment of all the 
remainder, and the influence of this internal portion of the environment ever 
becoming more and more important 

The whole process of evolution depends upon changes of environment taking 
place so gradually that the necessary self adjustment of the organism at every 
stage IS possible In the case of our amphibia the eggs could probably undergo 
the first stages of development, the preliminary segmentation, within the oviduct 
of the parent just as well as in the water, for in both cases they would be 
enclosed in their envelopes, and the morphological differences between the early 
stages in the two cases might be expected to be quite insignificant But it 
must be the same at each term of the series, for each term is built upon the 
foundation of the preceding one, and the whole process takes place by slow and 
imperceptible degiees 

It 13 true that by the time we re ich the formation of the vestigial gill slits 
m the embryo of one of the higher vcitcbrates the environmental conditions are 
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very different from those under which gill slits were developed in their aquatic 
ancestors But what then ? Are not tlie gill slits also very different ^ The 
changed environment has had its effect The gills themselves are never 
developed, and the gill slits never become functional , moreover, they disappear 
completely at later stages of development, when the conditions of life become 
still more different and their presence would be actually detrimental to their 
possessor The embryo with the vestigial gill slits is, as a whole, perfectly well 
adapted to its environment, though the gill slits themselves have ceased to be 
adaptive characters They still appear because the environmental conditions, 
and especially the internal conditions, which have now become far more 
important tlian the external ones, are still such as to cause them to do so 

I think the chief difficulty in forming a mental picture of the manner in 
\A Inch evolution has taken place, and especially in accounting for the phenomenon 
of recapitulation in ontogeny, which is merely another aspect of the same 
problem, arises from attempting to take in too much at once There is no 
difficulty in understanding how any particular stage is related to the correspond 
ing stage in the previous generation, and the whole series of stages, whether 
looked at from the ontogenetic or from the phylogenetic point of view, can be 
nothing else but the sum of its successive terms 

It will be convenient, before going further, to sum up the results at which 
we have so far arrived from the point of view of the theory of heredity We 
have as yet seen no reason to distinguish between somatogenic and blastogenic 
characters All the characters of the adult animal are acquired during ontoT 
geny as the result of the reaction of the organism to environmental stimuli, 
both internal and external All that the organism actually inherits is a certain 
amount of protoplasm — endowed with a certain amount of energy — and a certain 
sequence of environmental conditions In so fai as these are identical in any 
two successive generations the final result must be identical aUo, the child must 
lesemble the paient, in so fai as they are different the child will differ from 
the piient, but the differences in environment cannot be very great without 
preventing development altogethei 

So fai, it is clear, there has been no need to think of the germ cells as 
the beareis of mateiial factors oi deteiminants that aie lesponsible for the 
ippe nance of particulai characters in tho adult organism, noi yet to suppose 
that they are, to use the phraseology of the mnemic theory of heredity, charged 
with the memories of past geneiations They have been regarded as simple 
protoplasmic units, and the entire ontogeny has appealed as the necessaiy result 
of the reaction between the organibin and its environment at each successive 
stage of development This cannot, howevei, bo a complete explanation of 
ontogeny, for if it were \^e should expect all eggs, when allowed to develop 
under the same conditions from stait to finish, to give use to the same adult 
form, and this wc know is not the case We know also, horn observation and 
experiment, that the egg is in reality by no means a simple thing but an 
extremely complex one, and that different parts of the egg may be definitely 
correlated with correoponding parts of the adult body It has been demon 
strated in certain cases that the egg contains special organ forming substances 
definitely located in the cytoplasm, and that if these are removed definite parts 
of the organism into which the egg develops will be missing We know, also, 
that the nucleus of the germ cell of either sex contains — at any rate at certain 
periods — a number of perfectly well defined bodies, the chromosomes, and these 
also have been definitely correlated in certain cases with special features of the 
adult organisation 

Before we can hope to complete our mental picture of the manner in which 
orginic evolution has taken place, if only in outline, it is evident that we must 
be able to account for the great complexity of structure which the germ cells 
themselves have managed to acquire, and also to form some idea of the effect of 
this complication upon the development of both the individual and the race 

We must consider the origin of cytoplasmic and nuclear complications of the 
egg separately, for they appear to be due fundamentally to two totally distinct 
sets of factors In the first place we have to remember that during oogenesis 
the egg cell grows to a relatively Uige size by absorbing nutrient material from 
tlic body in which it is enclosed It is this uiitiiont matciial tint is used for 
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building up the deutoplasm or food yolk There is good reason for believing that 
the charactei of this nutrient material will change> during the course of evolu 
tion, pan passu with the changing character of the organism by which it is 
supplied Doubtless the change is of a chemical nature, for we know from pre 
cipitin experiments that the ^dv fluids of closely allied species, or even of the 
two sexes of the same species, do exhibit distmcth recognisable differences in 
chemical composition It also appears highly probaole, if not certain, from such 
expel iments as those of Agar upon 8imocepWus, that substances taken in with 
the food and which bring about conspicuous modifications of bodily structure, 
may at the same time be absorbed and stored up by the egg cells so as to bring 
about corresponding changes in the adults into which the eggs develop 

There seems therefore to be no gieat difficulty in comprehending, at any rate 
in a general way, how the egg may become the repository of definite chemical 
substances, organ forming su^tances if we like to call them so, possibly to be 
classed with the hormones and enzymes, which will influence the development in 
a particular manner as soon as the appropriate conditions aiise 

Unfortunately, time will not allow of our following up this line of thought 
on the piesent occasion, but we may notice, before passing on, that with the 
accumulation of organ forming substances m the egg we have introduced the 
possibility of changes in bodily structure, to whatever cause they may be due, 
being represented by correlated modifications m the germ cells, and this is doubt 
less one of the reasons why the germ cells of different animals are not all alike 
with regard to their potentialities of development * 

We now come to the question of how the nucleus of the germ cell acquired its 
great complexity of structure We are not concerned here with the origin of the 
differentiation into nucleus and cytoplasm and the respective parts played by the 
two in the life of the cell The problem which we have to consider is the com 
plication introduced by the sexual process, by the peiiodically recurring union 
of the germ cells in pairs, or, as Weismann has termed it, amphimixis This is 
well known to be essentially a nuclear phenomenon, in which the so called 
chromatin substance is especially concerned, and it is a phenomenon which must 
have made its appearance at a veiy early stage of evolution, for it is exhibited 
in essentially the same manner alike in the higher plants and animals and in 
unicellular organisms 

Let us suppose, for the sake of argument, that when amphimixis first took 
place the chromatin of each geim cell was homogeneous, but that it diffeicd 
slightly in different germ cells of the same species as a result of exposure to 
slightly different conditions during its past history What would be likely to 
happen when two different samples of chromatin came togethei in the zygote ' 
The result would surely depend upon the interaction of the complex colloidal 
multimolecules of which the chromatin is composed Various possibilities would 
aiise (1) The two samples might differ in such a way as to act as poisons to one 
another, disturbing each other’s molecular equilibrium to such an extent that 
neither could survive This is possibly what happens when an ovum is fertilised 
by a spermatozoon of a distinct species, though theie are of couise, exceptions 
(2) They might be so alike as to be able to amalgamate more or less completely, 
so that there would simplv be an increase of chioraatin of possibly more or less 
modified constitution (3) They might continue to exist side by side, each 
maintaining its own individual character 

In the third case the union of the two different samples would give rise to a 
mass of chromatin of twofold nature, and repetition of the process from genera 
tion to generation would, as Weismann has shown, result in ever increasing 
heterogeneity, until the chromatin came to consist of a great number of different 
concrete particles, each of which might conceivably differ from all the others 
But when two heterogeneous masses of chromatin meet in the zygote there may 
be all sorts of mutual attractions and repulsions between the different colloidal 
multimolecules, foi all three of our supposed cases may arise simultaneously, 
and thus the results may become extremely complicated 

The chromatin of the germ cells in all existing organisms is undoubtedly 
heterogeneous, and this heterogeneity may be to some extent visibly expressed 

•Compare Cunningham’s ‘Hormone Theory* of Heredity (Archtv fur 
Entwtcklungsmechamk der Organic niPtif Bd xxvi Heft 3) 
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11 ) its arrangement m more oi less multiform chromosomes during mitosis We 
may provisionally accept Weismann’s view that these chromosomes are them 
selves heterogeneous, being composed of chromomeres or ids, which in their 
turn are composed of determinants 

All this complexity of structure may be attributed to the effects of oft 
repeated amphimixis, a view which is supported m the most striking manner by 
the fact that the nucleus in all ordinary somatic cells (in animals and in the 
diploid generation of plants) has a double set of chiomosomes, one derived from 
the male and the other from the female parent, and by the well known 
phenomenon of chromatin reduction which always precedes amphimixis 

When we approach the problem of heredity from the experimental side we 
get \ciy stiong evidence of the existence in the germ plasm of definite material 
substances associated with the inheritance of special characters Mendelian 
woikeis generally speak of these substances as factors, but the conception of 
f ictors IS evidently closely akin to that of Weismann’s hypothetical determinants 
The cytological evidence fits in very well with the view that the factors m ques 
tion may be definite material particles, and it is quite possible that such particles 
may have a specific chemical constitution to which their effects upon the 
developing organism are due 

From our point of view the interesting thing is the possibility that arises 
through the sexuil process of the peimutation and combination of different 
factors deiived fiom different lines of descent A germ cell may leceive addi 
tions to its collection of factois or be subject to subtractions therefrom, ind in 
either case the resulting oiganism may be more or less conspicuously modified 
By applying the method of experimental hybridisation a most fruitful and 
apparently inexhaustible field of research has been opened up in this direction, 
ill the development of which no one has taken a more active part than the present 
Piesident of the British Association There cannot be the slightest doubt that 
a vast numbei of characteis are inherited in what is called the Mendelian 
manner, and, as they are capable of being sepaiately inherited and interchanged 
with others by hybiidisation, wc lie justified in believing that they aie sepaiately 
icpieseiited in the geim(ells by special futois Impoitant is this lesult is, 
I that it the pusmt time there exists a distinct dangei of exiggerating 

its signifiL nice Ihc fact that muiy luw and appirently pernnnent combinations 
of chaiactcis may irise thiough liybiidisatiou, and that the oigaiusms thus pio 
(hiccd ha\c all the ittiibutes of what we call distinct species, docs not justify us 
in Kccpting the giotcsque viei\ — as it appeus to me — ^that ill species hi\e iiistn 
by ciossing, oi e\tn the Mew that the oiganism is entirely built up of scpiiatcl^ 
tiansmissiblo * unit chiiacteis ’ 

Bateson tells us that ‘ B lur h is foi example ciossed species so unlike is 
inturhinvui vuijus and molle^ foims differing fiom each other in almost eveiy 
feituu ot oigiiusition ’ Suiel^ the latter pirt of this stitement t lanot be coi 
lect, foi itUi all \nUirhimnn majus and mollcr are both snapdrigons, and 
exhibit ill the essentiil chiiacters of snapdiagons 

I think it IS a most significant fact that tlie onlj chaiacters which appeii 
to be mheiited m Mendelian fashion are compaiativel^ tii\ul featiues of the 
oiganism which must ha\e aiisen during the last stages of phylogenv This is 
necessaiily the case, for iny two oiganisms sufficiently nearly related to be 
I ipible oi ciossing aie identical is legaids the vast majoiity of then chaiacteis 
It 18 only those few points in which they differ that remain to be experimented 
on Moreover, the characters in question appear to be all non adapti\ e, having 
no obvious lelition to the environment and no particular value in the struggle 
toi existence They iie cleirly what Weismann calls blastogenic characters, 
oiigmating in the germ plasm, and are probably identical with the mutations 
ot de Vries These latter are apparently chromatin detei mined characters, for, 
is Dr Gates has recently shown in the case of (R noth era, mutation may result 
from abnormal distribution of the chromosomes in the reduction division * 

We have next to inquire whethei or not the Mendelian results are really in 
any way inconsistent with the general theory of evolution outlined in the earlier 
part of this address Heie we are obviously face to face with the old dispute 
between epigenesis and preforma4)ion The theory of ontogeny which 1 first 

* Quarterly Journal of Microsco^cal Science, vol 59, p 557 
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put forward is cleaily epigenetic in character, while the theory of unit charS^tfi- 
represented in the germ cells by separate * factors/ is hardly less clearly^ 
theory of preformation, and of course the conception of definite organ forming 
substances in the cytoplasm falls under the same category The point which 
I now wish to emphasise is that the ideas of epigenesis and preformation are not 
inconsistent with one another, and that, as a matter of fact, ontogenetic develop 
ment is of a dual iidtiire, an epigenesis modified by what is essentially pre 
formation 

We have already dealt briefly with the question of organ foiming substances 
in the cytoplasm, and it must, I think, be clear that the existence of these is in 
no way incompatible with a fundamental epigenesis We shall find directly 
that the same is tiue of Meiidelian ‘ factors ’ or Weismannian ‘determinants * 

We have seen that it is possible to conceive of even a complex organism as 
inheriting nothing from its parent but a minute speck of protoplasm, endowed 
with potential energy, and a sequence of suitable environments, the interaction 
between the two bringing about a similar result in each succeeding generation, 
with a slow progressive evolution due to the operation of the law of accumulation 
of surpFus energy If any of the conditions of development are changed the 
result, as manifested in the organisation of the adult, must undergo a correspond 
ing modification Suppose that the chromatin substance of the zygote is partially 
modified in molecular constitution, perhaps by the direct action of the environ 
ment, as appears to happen in the case of Tower’s experiments on mutation m 
the potato beetle, or by the introduction of a diiferent sample of chromatin from 
mother individual by hybridisation What is the germ plasm now going to do ^ 
When and how may the changes that have taken place in its constitution be 
expected to manifest themselves in the developing oiganism’ 

Let us considei what would be likely to happen in the fiist stages of 
ontogeny If the gcini plasm had remained unaltered the zygote would ha\o 
divided into blastonieies undei the stimuli of the same conditions, both internal 
iiid external, as those under which the coiresppiiding divisions took place m 
preceding generations Is the presence of i number of new colloidal multi 
molecules in the germ ^ilasm going to prevent this’ Ihe answer to this question 
piobably depends partly upon the pioportion that the new multiinolecules bcai 
to the whole mass, and partlv upon the nature of the modification that has taken 
place It the existence ot the new multimolecules is incompatible with the 
proper functional activity ot the germ plasm as a whole there is an end of tin 
matter The organism does not develop If it is not incompatible we must 
suppose that the z> goto begins its develoimient as before, but that sooner or latei 
the modification of the germ plasm will manliest itself in the developing 
organism, in the first instance as a mutation In cases of hybridisation we may 
get a mixture in varying degrees of the distinguishing characters of the two 
parent forms, or we may get complete dominance of one form ovei the other 
in the hybrid generation, or we may e\en get some new form, the result depend 
ing on the mutual reactions of the ditterent constituents of the germ plasm 

The organism into which any zygote develops must be a composite body 
deriving its blastogenic characters from different sources , but this cannot affect 
its fundamental structure, for the two parents must have been alike in all 
essential respects oi they could not have interbred, and any important differences 
in the germ plasm must be confined to the * factors ' for the differentiating 
characters The fundamental structure still develops epigeneticallv on the basis 
of an essentially similar germ plasm and under essentially similar conditions as 
in the case of each of the two parents, and there is no reason to suppose that 
special ‘ factors ’ have anything to do with it 

We thus see how new unit characters may be added by mutation and inter 
changed by hybridisation while the fundamental constitution of the organism 
remains the same and the epigenetic course of development is not seriously 
affected All characters that arise in this way must be regarded, from ihe 
point of view of the organism, as chance characters due to chance modifications 
of the germ plasm, and they appear to have comparatively little infiuence upon 
the course of evolution 

One of the most remarkable features of organic e\olution is that it results 
in the ad iptation of the org uiibm to its environment, and foi this adaptation 
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mutation and hybridisation utterly fail to account Of course the argument of 
natural selection is called in to get over this difficulty Those organisms which 
happen to exhibit favourable mutations will survive and hand on their ad van 
tages to the next generation, and so on It has frequently been pointed out 
that this IS not sufficient Mutations occur in all directions, and the chances of 
a favourable one arising are extremely remote Something more is wanted, and 
this something, it appears to me, is to be found in the direct response of the 
organism to environmental stimuli at all stages of development, whereby in 
dividual adaptation is secured, and this individual adaptation must arise again 
and again in each succeeding generation Moreover, the adaptation must, as 
I pointed out before, tend to be piogressive, foi each successive generation builds 
upon a foundation of accumulated experience and has a bettei start than its 
predecessors 

Of course natuial selection pla^s its part, as it must in all cases, even in 
the inorganic world, and I believe that m many cases — as for example in pio 
tective lesemblance and mimicry — that part has been an extremely important 
one But much more important than natural selection appears to me what 
Baldwin has termed ‘Functional Selection,* selection by the organism itself, 
out of a number of possible reactions, of just those that are required to meet 
any emergency As Baldw m puts it, ‘ It is the organism which secures from 
all its o\erproduced movements those which are adaptive and beneficial ’ 
Natural selection is heie replaced by intelligent selection, for I think we must 
agiee with Jennings * that we cannot make a distinction between the higher and 
the lower organisms iii this respect, and that all puiposive leactions, oi adjust 
merts, aie essentially intelligent 

Surely that much abused philosopher, Lamauk, was not fai fiom the tiuili 
when he said, ‘ The pi eduction of a new oigan in an animal body lesults fiom i 
new requirement which continues to make itself felt, and from a new movement 
which this lequirenient begets and maintains ’ ” Is not this meiely another way 
of saying that the individual makes adaptive lesponses to cnviionmental stimuli ' 
Wheie so many people fall foul ot Lamarck is with itgiid to liis belief in the 
inhciitance of acquiicd chaiactcis But in speaking of acq lined ehaiacteis 
Lamaick did not refei to such modifications as mutilations, he was obviously 
talking ot the giadual self adjustment ot the oiganisin to its cnviionment 

Wo aie told, of couist, that such adjustments will only be jueseived so long 
as the cnviionmental stimuli by which they weie oiiginally called foi continui 
to exercise then influence Those who raise this objection aie apt to foi get tint 
this IS exactly what happens m evolution, and that the bine qua non of develop 
ment is the pioper maintenauco of the appiopiiate enviionment, both inteinil 
and external Natuial selection sies to it that the propei conditions aie mam 
tamed withi i ver> narrow limits 

A gieat deal of the confusion that has aiisen with legaid to the question of 
the inheritance of acquired chaiacteis is undoubtedlv due to the quite unjustifi 
able limitation of the idea ot ‘mheiitance to which we have accustomed oui 
selves The mheiitance of the environment is, as I ha\e already said, just as 
important as the mheiitance of the matexial foundation of the body, and whether 
or not a newly acquired character will be inherited must depend, usually at 
any rate, upon whether or not the conditions under which it arose are inherited 
It IS the fashion nowadays to attach very little importance to somatogenic 
characters m discussing the problem of evolution The whole fundamental 
stiucture of the bodv must, however, according to the epigenetic view, be due to 
the gradual accumulation of characters that ai ise as the result of the reactions 
of the organism to its environment, and which are therefore somatogenic, at apy 
rate m the first instance, though there is reason to believe that some of them 
may find expression m the geim cells in the formation of organ forming sub 
stances, and possibly in other ways Blastogenic characters which actually 
originate m the germ cells appear to be of quite secondary importance 

We still have to consider the question, How is it that organic evolution his 

' Deicloinnent and Eiolution (New York, 1902), p 87 

* Behoiiour of the Lower Orgamms (New Yoik, 1906), pp 334, 335 

" Ihbtoiie natutdie dcs \nimaux sans Vertihres^ tom i 1816, p 185 
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led to the formation of those more or less well marked groups of organisms which 
we call species^ We have to note in the first place that there is no unanimity 
of opinion amongst biologists as to what a species is Lamarck insisted that 
nature recognises no such things as species, and a great many people at the 
present day are, I think, still of the same opinion In practice, however, every 
naturalist knows that there are natural groups to which the vast majority of 
mdividuals can be assigned without any serious difficulty Charles Darwin main 
tamed that such groups arose, under the influence of natural selection, through 
gradual diveigent evolution and the extinction of intermediate forms To day 
we are told by de Vues that species oiigmate as mutations which propagate 
themsehes without alteration for a longer or shorter period, and by Lotsy that 
species originate by crossing of more or less distinct forms, though this lattei 
theory leaves quite unsolved the problem of where the original forms that crossed 
with one another came from 

I think a little reflection will convince us that the origin of species is a 
different problem from that of the cause of progressive evolution We can 
hardly doubt, however, that Darwin was right in attributing prime importance 
to divergent evolution and the disappearance of connecting links It is obvious 
that this process must give rise to more or less sharply separated groups of 
individuals to which the term species may be applied, and that the differences 
between these species must be attributed ultimately to differences in the response 
of the organism to differing conditions of the environment It may be urged 
that inasmuch as different species are often found living side by side under 
identical conditions the differences between them cannot have arisen m this way, 
but we may be quite certain that if we knew enough of their past history we 
should find that their ancestors had not always lived under identical conditions 
The case of flightless birds on oceanic islands is particularly instructive in 
this connection The only satisfactory way of explaining the existence of, such 
birds is by supposing that their ancestois had well developed wings, by the aid 
of which they made their way to the islands from some continental area The 
conditions of the new envnonmeiit led to the gradual disuse and consequent 
degeneration of the wings until they eithei became useless fox flight oi, in the 
case of the moas, completely disappeared It would be absuid to maintain 
that any of the existing flightless birds are specifically identical with the 
ancestral flying forms from which they are descended, and it would, it appears to 
me, be equally absurd to suppose that the flightless species aiose by mutation oi 
by crossing, the sirne result being produced over and over again on diftcient 
islands and in different groups of buds This is cleaily a case where the 
environment has determined the direction of evolution 

In such cases tlieic is not the slightest ground for believing that crossing has 
had anything whatever to do with the oiigin of the different gioups to which the 
teim species is applied, indeed the study of island faunas m general indicates 
very clearly that the 'praention ot ciossing, by isolation, has been one of the 
chief factors in the divergence of lines of descent and the consequent multipli 
cation of species, and Romanes clearly showed that even within the same 
geographical area an identical result may be produced by mutual sterility, which 
is the cause, rather than the result, of specific distinction 

Species, then, may clearly arise by divergent evolution under changing 
conditions of the environment, and may become separated from one another by 
the extinction of intei mediate forms The enviionmental stimuli (including, of 
course, the body as part of its own environment) may, however, act in two dif 
ferent ways (1) Upon the body itself, at any stage of its development, tending 
to cause adaptation by individual selection of the most appropriate response , and 
(2) upon the germ plasm, causing mutations or sudden changes, sports, in fact, 
which appear to have no direct relation whatever to the well being of the 
organism in which they appear, but to be purely accidental Such mutations 
are, of course, inherited, and, inasmuch as the great majority of specific 
characters appear to have no adaptive significance, it seems likely that mutation 
has had a great deal to do with the origin of species, though it may have had 
very little to do with progressive evolution 

Similarly with regard to hybridisation, we know that vast numbers of distinct 
forms, that breed true, may be produced in this way, but they are simply 
due to recombinations of mutational characters in the process of amphimixis, and 
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have very little bearing upon the problem of evolution If we like to call the 
new groups of individuals that originate thus ‘ species/ well and good, but it 
only means that we give that name, as a matter of convenience, to any group 
of closely related individuals which are distinguished by recognisable characters 
from the individuals of all other groups, and which hand on those characters to 
their descendants so long as the conditions remain the same This, perhaps, is 
what we should do, and just as we have learnt to legard individuals as the 
temporary offspring of a continuous stream of germ plasm, so we must regard 
species as the somewhat more permanent but nevertheless temporary offshoots 
of a continuous line of progressive evolution Individuals are to species what 
the germ plasm is to individuals One species does not iri^je from another 
species, but from certain individuals in that species, and when all the individuals 
become so specialised as to lose their power of adaptation, then changes in the 
environment may result in the extinction of that line of descent 

It IS hardly necessary to point out that no explanation that we are able to 
give regarding the causes of either phylogenetic or ontogenetic evolution can be 
complete and exhaustive Science can never hope to get to the bottom of things 
111 any department of knowledge, there is always something remaining beyond 
our reach If we are asked why an organism chooses the most appropriate 
response to any particular stimulus, we may suggest that this is the response 
that relieves it from further stimulation, but we cannot say how it learns to 
choose that response at once in preference to all others If we are asked to 
account for some particular mutation, we may say that it is due to some modifi 
cation in the constitution or distribution of the chromosomes in the germ cells, 
but even if we knew exactly what that modification was, and could express it 
in chemical terms, we could not really say why it produces its particular result 
and no other, any more than the chemist can say why the combination of two 
gases that he calls oxygen and hydrogen gives rise to a liquid that he calls water 
There is one group of ontogenetic phenomena in particular that seem to defy 
all attempts at mechanistic interpretation I refer to the phenomena of restitu 
tion, the power which an organism possesses of restoring the normal condition 
of the body after it has been violently distuibed by some external agent The 
fact that a newt is able to regenerate its limbs over and over again after they 
have been removed, or that an echinoderm blastula may be cut in half and 
each half give rise to a perfect larva, is one of the most surprising things in the 
domain of biological science We cannot, at present at any rate, give any satis 
factory mechanistic explanation of these facts, and to attribute them to the 
action of some hypothetical Entelechy, after the manner of Professor Hans 
Diiesch, IS simply an admission of our inability to do so We can only say that 
in the course of its evolution each organism acquires an individuality or whole 
ness of its own, and that one of the fundamental properties of living organisms 
IS to maintain that individuality They are able to do this in a variety of 
wavs, and can sometimes even replace a lost organ out of material quite different 
from that fiom which the organ in question is normally developed, as in the 
case of the legeneration of the lens of the eye from the ins in the nev^t That 
there must be some mechanism involved in such cases is, of course, self evident, 
and we know that that mechanism may sometimes go wrong and produce 
monstrous and unworkable results, but it is, I think, equally evident that the 
organism must possess some power of directing the course of events, so as 
generally to secure the appropriate result, and it is just this power of directing 
chemical and physical processes, and thus employing them in its own interests, 
that distinguishes a living organism from an inanimate object 

In conclusion I ought, perhaps, to apologise for the somewhat dogmatic tone 
of my remarks I must ask you to believe, however, that this does not arise 
from any desire on my part to dogmatise, but merely from the necessity of 
compressing what I wished to say into a totally inadequate space Many years of 
patient work are still needed before we can hope to solve, even approximately, 
the problem of organic evolution, but it seemed to me permissible, on the 
present occasion, to indulge in a general survey of the situation, and see how 
far it might be possible to reconcile conflicting views and bring together a 
number of ideas derived from many sources in one consistent theory 
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The following Papers and Reports were then read — 

1 Plankton By Professor Herdman, F R S 


2 Exhibiiiov of Lantern Slides of the Narwhal and Beluga 
By Professor PT Junoersen 


3 Sowe Notes on a Collection of 4.uslralian Frogs 
By J Booth, MCE, B Sc 

The work of which this paper is the outcome was undertaken in the hope 
of finding some method ot deteimination and identification of Batrachian 
species, without lesort to the slight dissection necessary to examine the sternal 
apparatus and the sacral vertebrae The materia’ made use of was the col 
lection of frogs at the Melbourne University, together with some of the speci 
mens from the National Museum, and a few privately collected 

In accoi dance with this original intention, sticss was laid on external shape, 
and m order to render the description of shape more definite the particulars 
were expiesaed as fa' as possible numerically and in propoitional measurements 
The length of the specimen, from snout to vent, was taken as i basis, and 
other dimensions expiessed in terms of it 

To facilitate these measuiements, a scale was devised, by which the length 
of the specimen m millimetres, and other dimensions m proportional units, 
could easily be read off fiom the callipers The paiticulais selected as most 
satisfactory for measurement were — The depth of tho chest, the length and 
bieadth of the head, the length of the snout, the distances fiom eye to nostiil, 
and between the nares, the diimeter of the orbit, the width of the uppei 
eyelid, tho distance between the orbits, the diameter of the tympanum, and 
distance from tympanum to eye, the length of hind limb, and the length cyf 
the digits of the hand These dimensions have been tabulated for a large number 
of specimens 

It was found that the description and measurement of external features 
could not replace observations of the skeletal girdles, the variations in which 
seem to be of paramount genetic significance, while the external configuration 
and aspect is more related to the mode of life of the animals, and largely 
corresponds with the classification into — swimming, climbing or tree, and 
burrowing or cryptic frogs 

In the course of the work the relative value ot the external characters 
came under review Of these, amount of webbing on the toes seems to have 
been overrated. Professor Spencer having pointed out how very variable this 
character is in several species collected by him in the interior Colour and 
markings are very definite in some cases, remarkably variable in others, but 
usually varying in such a way as to suggest a normal form from which the 
rest may be deiived This normal is probablv to be found in strongly marked 
joung specimens Of particular markings, the vertebral line, in some species 
constant, in others, though normal, vanes in distinctness to total absence, and 
again in others is very definitely present or absent Another normal marking 
IS the lateral face streak, and nearly all face colourations may be considered 
as variations of this An external feature closely connected with habit is the 
adpression of the thigh to the groin In some species this gives rise to a 
difference of colour and texture in the concealed parts, while in others the 
groin is fully exposed and does not differ from the general suiface 

With regard to classification, the scheme of the British Museum Catalogue, 
as applied to Australian frogs, becomes reduced to three families of the 
Arcifera, CysUgnathidce, Hylidce, and Bufomdee, and (on account of the record 
of three species of the genus Austrocha'perina, Fry) the family Bamdce of the 
Firmisterna 

A list of the Australian species, with refeiences to descriptions and notes 
on the specimens examined, and tables of the proportionally measured dimen- 
sions, were appended 
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4 Species of Vxotorian Lampreys By J A Leacii, D Sc 

Richardson (1848) was the first to name an Australian lamprey {Petromyzon 
mordax) 

Gray, in the British Museum Catalogue (1851), made Richardson’s specimen 
the type of his genus Mordacta, and made two other Australian lampreys the 
types of his genera Geotna and Velaata 

Gunther, in ‘The Catalogue of Fishes in the British Museum’ (1870), 
accepted Mordacta mordax, but included Velasta in the genus Geotna Gunther 
later gave the name Geotna dnyortit to a Tasmanian specimen Ogilby and 
Regan both include this species in Geotna australis 

Count Castlenau (1872) created two new genera founded on immature forms 
thus increasing the Australian species to six Ogilby (1894), in ‘ A Monograph 
of the Australian Marsipobranchii,’ reduced the species and genera to three 
He revived Gray’s genus Velana and named the Australian form V stenoHoma, 
though he did not specify characters to separate it from V rhdensis 

Plate included Velasta in Geotna, but separated G stenostoma from 
d chilensts , he considered that both occur in Australia 

Regan, in * A Synopsis of the Marsipobranchs of the Order Hyperoartti ’ 
(1911), placed the Australian species in G stenostoma and restricted the species 

0 rhilemis to 'South America He created a new species (G men f era) for i 
New Zetland specimen of the pouched form 

An examination of forty six specimens of 1 impreys in the University Museum 
ind N itional Museum, Melbourne, showed two species of Mordacta^ and that i 
new species of Geotna is required for specimens intermediate between the 
broad headed, pouched form and the narrow headed FfZusm foim, as these 
connect the two extremes it is unnecessary to retain Velnnn as a separitt 
genus 

The great variation m the chief characters, and the smill numbei of 

1 imprcys available for examination, are undoubtedly the chief causes of the 
cieation of so many species, and the discarding of these by subsequent workeis 

The horny teeth are easily removed and the appearance of the mouth aftei 
their removal is different The state of distension of the mouth revealing the 
whole of the teeth or the points only of the tongue teeth and supraoral teeth is 
important in determining the appearance of these structures Even the teeth 
of the supraoril lamirne, a generic characteristic, at least, vary Plate figures a 
Geotrm with five cusps instead of four on the supraoral lamina One Mordana 
examined has four pointed cusps on one lamina, while the lamina of the othei 
side has three Castlenau said ‘ I find the greatest difficulty in the determina 
tion of the Victorian fishes of this family The most important character, 

the dentition, seems to be subject to the most extraordinary variations, in fact, 
1 cannot find it exactly similar in two specimens ’ 

Regan used the relation of the length of the first dorsal fin to the distance 
between the two dorsal fins as one of three distinguishing characters In six 
specimens of Gtotna chitimts tikeii alive during an eel fare at the Hopkins 
River Falls near Warrnambool, the interspace varied from 6 of the length of the 
fin to 1 3 times the length, a variation of over 100 per cent Regan used this as 
one of three variable characters when separating nine specimens of Geotna into 
four species 

Ogilby regarded the presence of pores on Velaria as a generic character 
Pores occur on all the specimens of Geotna and Velasta examined On one large 
pouched Geotna au’* traits the poies form a definite ‘lateral line ’ Plate figured 
pores on each species he recognised 

The pouch is a puzzle It is not a secondary sexual chaiacter for it occurs in 
both sexes 

It seems necessary to recognise five species of Victorian lampreys 


5 Notes on the Ringing of Birds By D de Hamel 

Aluminium bands of different sizes stamped with the address * Witherby, 
High Holborn, London,’ and also bearing a distinctive number, are bent into an 
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open sided iiiig which can readily be passed o\er the taisus of a bird and 
closed, taking care that it ran move easily between the foot and the knee, and 
the bird is then released 

The species number, date, locality, and circumstances are recorded on a 
form supplied with each packet of twenty rings These rings are issued by 
Messrs Witherby to subscribers to their magazine ‘ British Birds * who are 
willing to assist, and aie carefully registered 

When one of these marked birds is recaptured and the incident reported the 
information is added to the register, and from these details an annual report 
with maps is prepared, and published by Messis Witherby under the auspices 
of the British Ornithologists’ Club, the eighth, for 1913, being now ready Thus 
the ultimate course and length of bird migration will be defined 

It IS requested that all wild birds may be ringed, as it is found that e\en the 
most constant varieties wander to oonaiderable distances 

A very large number of rings ha\e been utilised, and about five per cent of 
these retaken and reported In addition to the English scheme, this work is 
being carried on by Professor Mortensen from Viboig in Denmark, and by otheis 
in Gerlnany The results are most encouraging Ajdult swallows ni iiked in 
pairs have been traced fiom Ayrshire and Rtiffordshire in England to Natal and 
the Orange Free State in Africa, and back to Staffordshire, but in each case 
only one of the pair has been retaken as they always have new mates 

Nestlings seldom return to their birth place Thrushes, blackbirds, and 
robins marked in England have been recaptured in Ireland and France Cor 
moiants, nestlings from Wexford in Ireland, in Finisterre, Brittany, Portugal, 
and Spain, mallard and wild duck in France, a pochard I marked in Waiwick 
shire was retaken six months later at Butzow in Mecklenburg , a turtle dove in 
Portugal 

Abroad the same woik has been cained on since 1898, and a staling fioni 
Russia reached Yorkshiie, a widgeon fiom Denmark reiched Wales, tufted diuk 
from Finland reached Ireland, and a Piussian black headed gull was lecaptuiod 
in Norfolk 


6 Eoporl on the Bioloqual Prohlemn indilental lo iho BohmiUet 
Whaling Station — See Kepoils, p 125 


7 Report of the Comnullee on the Mamie Tjahoralorij, Phjmouth 

See Eeports, p 163 

8 Report on the Occupation of a Table at the Zoological Station at 

Nap]e<i — See Repoits, p 162 


9 Report on the Position of the Antarctic T1 haling IncUdiry 
See Eepoits, p 123 

10 Final Report on Experiments in Inheritance — See Reports, p 163 


11 Report of the Committee on the Nomenclator Uiimalmm Genera 

et Sub-genera 


12 Report on the Feeding Habits of British Birds 
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13 Rpport on llio InhorUancp and Development of Secondary Seorual 
Characters in Birds 


14 Report on Zoology Organisation 

15 Report on the Fa mulalion of a Definite System on vhich 
CoUeclots should lecord then Captures 

IG Report on a Natural History Sutiey of the hie of Man 


\VlJ/h\ EhD II , WGl ST 19 

riie following Pipeis were lead — 

1 On Scent Distribiiling Appaiatus in the Lepidopleui 
By ¥ A Dixty, M D , F R S 

Tt IS well known that certain speciilised so lies found in \arioiis situations 
on tlic wings, bodies, ind limbs of Lepidopteia ire concerned in the distiibution 
of i scent, which in miny oases is chaiac teiistu of tin species Ihese sc lies 
niiy o^ciii in both sexes, but ceittim forms of them have only been found in 
miles, imoiig these aio the plume scales of the Pieunes and Nymphalines 
Iho Pieiino plume scale often affords a ready means of identifying the species, 
ind IS frequently of seivice m thiowmg light on questions of affinity Thus 
the inteiesting butterfly LeucKK tvi antfa Roths and lord , recently discovered 
111 New Guinea, his been considered by some authoiities to be nearly akin to 
the Afiicdii genus PinacopteryXy and by others to the Australasian genus 
hlodtnn But the scent scales with which it is abundantly turnished bear no 
lesemblance to those of any Pinacopteryx, while Elodinn appeals to be entiielyr 
devoid of these struc.tures On the othei hand, the scent scales of Leuciacrui 
strongly rec ill those of ])ilws a genus well represented in the Austialiin 
Province, and especially so in New Guinea Scales ot a somewhit similii 
chaiacter are also found in Huphina, inothei genus with an Oriental and Aus 
ti ilasian distiibution, and probably not fu lemoved fiom Delink m point of 
iftimty Tn a fuithei stiuctural feature Lemmcna is neaier to Hvphnui thin it 
is to Delias y and it miy possibly turn out to be v connecting link between these 
two assemblages But tiom the evidence of the scent scales it seems safe to 
conclude that such lesemblance as exists to Pinaiojiferyx and Etodina is only 
superfic lal The well known ‘ battledore scales ’ that occui on the w mgs of 
Lycenids furnish a means of separating two species, Pleheius cegon and P 
arqyroqnomony which aro often indistiuguish ible by oidinaiy methods of 
examination 

In some cases, though not in all, a special adaptation exists with the object 
of economising the scent until it is lequiied for purposes of sexuil lecognition 
01 attraction The costal folds of the forewing in many Hesperids, noticed by 
Doubleday and Westwood, and first adequately desciibed bv Fiitz Muller, are 
examples of this kind of pro/isioii Anothei structural feature serving the 
same purpose is the collection of the scent distributing scales into a patch on 
that portion of the fore or hind wing which is covered in the position of rest 
This arrangement is seen in many Pieriiies, it occurs also in SJatyrines and 
Nymphalines No example of a male characterised by special «?cent scales was 
known to Fritz Muller among the Erycinids Such, however, do exist, as, for 
example, in the genera Mt^o^emia VLnd. Pandemos y where the scent patches 
occlude one another in the attitude of lost, as notably in the genus Di^morphta 

1914 ^ 
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among the Pierines The structure of these scent distributors among the 
Lepidoptera is still to a large extent an unexplored field, and their study affords 
a promising subject for further investigation 


2 Discu^S70u on Mimicry in Australian Insects, intiodvced by 
Professoi E B Poulton, F R S 

It is extremely interesting to compare the phenomena of mimicry as they are 
exhibited in the different parts of the world We find that the models in each 
tropical region are as a rule related, and often very closely related, to those of 
the other regions Nevertheless, in spite of these relationships, the models 
commonly exhibit patterns which are peculiar to each region Thus the 
Danmnce and their allies, the tropical American Ithomiimr^ always tend to be 
mimicked by other butterflies, although their patterns in each of the great 
tropical regions are for the most part very different from those in the others 
The same conclusions emerge when other great groups of models arc compared, 
and tho whole bod\ of facts affords strong indirect evidence in support of the 
hypothesis that mimicry is an advantageous lesembhnce which has giown up 
under the influence of natural selection 

Australia is the most isolated of all the inhabited continental tracts on the 
eartVs surface, and its isolation is reflected in its peculiar fauna and flora How 
f ai IS it reflected in the insect models and their mimics ’ Up to the present 
time the subject his been but little studied in Austialian material, but we can 
nevertheless see our way to certain conclusions of much interest 

Perhaps the most widely spread models in the woild are the black \p11ow 
banded stinging Hymenoptera The central members of these powerful com 
binations are wasps (Diploptera), around which are langed sand wasps (Fossores), 
and in far smaller numbers, bees (Anthophila), followed by mimetic species 
of the Phytophagous Hjmenopteia, and of other orders — Diptera, Coleoptera, 
Lenidopteia, etc Throughout this dominant combination of models and mimics 
the subcylindrical body is black, encircled by many bright yellow bands 
Although widespread o\ei the woild it is especially poweiful in the north 
temperate zone In Australia, however, its place is taken bv a combination 
with a very distinct pattern The bands are deep biownish oiange instead of 
blight yellow, and they aie few and broad instead of many and nairow This 
pattern runs throuigh a 1 iige and complex set of models ind mimics It is aery 
convincing to compaie such a mimetic Asilid fly as the Einopean Asilub 
crahronif omits with the Austi ilian species, and to obseive how then very 
diffeieut patteins lesemble those of the lespectue Aculeate models An equally 
significant compaiison may be di iwn between the mimetK Longicoin beetles of 
these two paits of the world 

The conspicuous sluggish Lycid Inttlcs foirn mother doniin int group of 
models in all the tropical legions, ind heie, too, a j)owtrful Austi all in com 
binition exhibits a peinlin colouiing and in some ics})i(ts i jiecnhii 
constitution 

Material already rectivid fiom Commindei T 7 W ilkei In the S>dnev 
district and fioni Mi A Fland Shaw at Heale'^ville, Victoni sliows that tlie 
Austialiin contiibution to the stiuU of niiniKn is suit to he of tlie highest 
interest and importance 


TUESDAY, iUnUST 18 

Joint Discussion with Section K on the Nature and Ornjin of Species 

Bee p 579 

The following Papers were then read — 

1 An Fjjpediiion to the AhroUios Islands By Piofessoi W T D\kin 
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2 Some Features m the Diurnal Miqrations of Pipits^ Wagtails, and 
Swallows, a> observed at Tuslcar BocL Ijiqht -Station, Go Wex- 
ford By Piofessoi C J Patten, M A , M D , Sc D 

In certain periods of spring and autumn a stream or procession of migrants 
passes the Tuskar Rock Light station daily Owing to the barren nature of the 
Rock — wave swept to a large extent in rough weather — paucity of food, and lack 
of fresh water, comparatively few of the travellers descend and alight As they 
hasten past, the altitude of their flight relative to the level of the lantern is i 
matter of interest, seeing that so many nocturnal migrants strike the glass 

Most birds direct their flight towards the land, i ^ , S E to N W or due 
E to W Even birds presumably on emigration seem to make for the land 
Pipits and wagtails tra\el about twenty miles an hour, swallows and martins 
about 90 miles an hour On account of the very limited area of the Rock and 
the consideiable altitude at which many of the birds fly, the descending flight 
for the purpose of alighting, when ittempted, is almost peipendicnlai Sevei il 
oiiginal photographs from life of the species dealt with in this pipei h im betii 
secured and used is illustrations 


Sydney 

FPIDAl, il GT ST 21 
The following Papeis were read — 

1 Dr B C L Perkins' Beseaiches on the Colour (iioups of Hauanan 
Wasps By Piofessor E B Pol r ton, F B S 

Dr Peikins’ reseaiches, recoided in ‘Fauna Haw aiicnsis ’ in ‘ Pioc Ent 
Soc Lond ,’ 1912 p 1m, and ‘ Trans Ent Soc , Loud 1912, p 677 have 
tliiown a flood of light upon the evolution of colour groipis in one of the most 
isolated of all the land aieas that afford favourable conditions for a fauna and 
flora It IS probable that the compaiatnely simple phenomena exhibited in the 
Sandwich Islands will be found to have a special bearing upon the infinitely moie 
complex conditions found in the most isolated of the inhabited continents 
The only indigenous wasps of the Sandwich Islands belong to the genus 
Odynerus (in the broad sense), and Di Perkins concludes th it the 102 species 
hive been deiived from two original immigrants - a black vellow banded species 
fiom some unknown direction, and at a much later but still very ancient date, 
a black, daik winged species probably fiom Asia The latter is extremelv 
dominant, but it found the islands already occupied, and has thus only split 
up into four species, as against the ninety eight produced by the original inv ader 
Di Perkins similarly concludes that the fifty thiee indigenous bees all 
belonging to the genus Nr^opro^opi^, and the eighteen indigenous Fossores 
(Ciahrorndm) weie deiived lespectively from a single Asiatic immi giant bee and 
a single Asiatic Crabronid 

This assemblage of closelv i elated species of wasps has foimed coloiii groups 
111 the diffeient islands, atti acting also many of the species of bees and Fossores 
Kauai, the most N W island, possesses onlv one impoitant colour group — 
blick, dark winged insects with two white or yellow bands Heie the pattern 
of the earliest immigrant wasp was probably letained, although combined with 
dark wings, perhaps due to mimiciy of the second immigrant The latter on 
Kauai has given use to species with yellow bands 

Oahu, the next island proceeding in a S E direction, has four colour 
groups, of which two resemble that on Kauai in the possession by some species 
of pale bands, although fainter than in the N W island Another group con 
taming black, dark winged insects is probably due to a mimetic approach 
towards the second original immigrant^ a \eiy abundant insect The fouith 
group is much marked with red 
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On Maui, Molokai, and Lanai there are three groups, one red marked, one 
black and dark winged, and one with pale bands on some of its species 

On the largest island, Hawaii, in the S E , all the groups tend to fuse into 
a single large assemblage of black, dark winged insects 

The species foim structural groups of which the members, although obviously 
closely related, enter different colour gioups in the various islands In other 
words, the coloui grouping is entiiely independent of zoological affinity 


2 The Devclopmeni of Trypanosomes in the Inveriehrate Host 
By Piofessoi E A Minchtn, F R S 

If an analysis and comparison be made of those instances in which it can be 
claimed that the development of a given species of trypanosome in its invertebrate 
host IS known in at least its principal traits, it is seen at once that in every 
such instance theie is a pait of the developmental cycle which is constant in 
occuiience and uniform in character, and anotJiei part which is of inconstant 
occuirence and very variable in character 

In the constant part of the cycle the parasite always assumes the crithidial 
type of structure and multiplies incessantly in this form to produce a lasting 
stock of the parasite, certain individuals of which change sporadically fiom the 
cnthidial into the trypaniform type and so become the find, propagative form of 
the development, destined to pass back into the vertebrate host and est iblish tho 
infection in it Dining hunger peiiods the ciithidiil foims irnv pass tern 
poiaiily, m some cases, into the lestiiig, non fligellated leishmani il foim until 
food IS igsin ibundint when they form a new flagellum ind ic\eit to tlu 
cnthidial type of structuie 

The inconstant put of the c\cle when it occurs, is intercalated at the very 
beginning of the development in the invertebrate, and lasts but a relatively 
short time, it is derived diiectly from the tr>pano8omes taken up by tho 
inveitebrate liom tho voitebiate host, and takes the form of an active multi pli 
cation of the parasites in either the tiypanifoim or leishmanial condition In 
the cases where this early multiplicative phase is wanting altogether, the 
trypanosomes taken up by the iinertebiate host pass at once into the cnthidial 
phase 

When a fiirthei compaiison is made betw^een the de\elopment of trypinosomes 
in the inveitebrate host and the development of the closely allied species of 
Cnthuha ind T fpfomonos vshich have no alternation of hosts or generations, 
but are confined during then entire life history to particular species of inverte 
brate hosts, it is seen at on<e that the lifecycles of these pai isites of inverte 
brates are similar in all essential points to the cnthidial phases of trypanosomes 
m their inveitebrate hosts It is evident, therefore that the mtlndial phase in 
the development of a trypanosome is to be interpreted as a reversion to, or 
1 ecapitulation of, the type of development that occuried in the ancesti il form 
which was originally a paiasite of the invertebrate done, before it had obtained 
a footing in the vertebrate host or had acquired the trvpanosome like type of 
stiucture , while the multiplicative phases of variable chaiacter preceding the 
( rithidial phase in trypanosome development are to be regarded as having been 
intercalated secondaiily into the life cycle ind of no phylogenetic significance 


3 A Comparison of the Si^es of the Red Cells of some Verlehral^s 
By J Burton Cleland, M D 

In seaiching blood films from Austialian birds for parasites, it was noticed 
that the red corpuscles of a heron were distinctly larger than those of the 
various Passerine buds examined This led to systematic measuiements of the 
sizes of the red cells of vaiious Australian vertebrates The slides examined 
have been all stained by * dry * methods, wet fixation and staining methods 
being impracticable in the field Expeiience shows, however, that this method 
may be relied on for the purpose in view 
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Amongst the fishes, the Dipnoi have enoimous red cells, those of Cttatodua 
forsteii being 39 X 23 to 25 /a The Elasmobranchs have also large cells, 
varying from 18 X 12 5 to 23 x 13 5 Amongst Teleostean fishes the size is much 
smaller The cells are also rounder In Thcrapion unicolor they are nearly 
spheric il m size 6 to 8 /i Other species range from 9x7 up to 13 5x103 p, 
in a catfish 

The reptilia, snakes, lizards, and tortoises have red corpuscles ranging usually 
from 16 to 21x9 to 11 ai» though in some cases, as in the genus llygo^oma, the 
size tends to be smaller (14 to 16x8 to 10 fi) 

Batrachians show red cells usually of tiom 18 to 20x10 to 14 ft 
Amongst bn ds, the emu has the largest (15 5 to lb 5 x 8 5 to 9 5 /u) The 
Pcdicipedifoimes, Sphemsciformes, Aideiformes, and Pelecanifoimes come next 
(approximately 14x8 ft) Charadriiformes are generally a little smaller The 
pigeons, hiwks, pariots, kingfishers, and cuckoos come next, the kingfisheis 
being perhaps the largest of these In the Passerine birds there is a definite 
tendency to smallei cells, ranging fiom 10 to 12x5 to 7 fi, with the exception 
of the tamilv Corvidx, where the size approximites more to the previous group 
These figuies seem to indicate that with specialisation has eventually come, 
both in fishes and in birds, a diminution in size of the red cells The cumber- 
some corpuscles ot Ceratodus have doubtless played a part in the gradual 
extinction of the Dipnoan fishes The relationship of the vaiious classes to each 
other IS clearly shovn in the size ot the red cells 


4 Notes on some lusitalian Hcetnatozoa 
By J Blrion Clelwd, M D 

Owing to the geogiaphical isolation of Australia, the studv oi the blood para 
sites of the vertebrates, especially of such as have no eisy means of passing 
ovei sti etches of ocean, is of considerable interest In some cases, such as the 
marsupials, iiiterebtiiig speculation arises as to whether the Hxmatozoa tound 
111 them reached Australia (1) with the marsupials when these originally came, 
or (2) as parasites of tiie invertebrate host by a separate arrival, or (3) whether 
their appearance represented the adaptation in Australia of a parasite, at one 
time confined to an invertebrate host, to a habitat partly in the vertebrate and 
partly in the invertebrate host 

In marsupials Haemogregarincs hive been found Breml has recorded in a 
bit the presence of a Trypanosome and ot a Plasmodium In birds, Plasmodium 
prtiox has been recorded in i falcon ind a Plasmodium has been found in the 
black swan Plasmodium has ilso been recorded in the riitroduced sparrow 
Plasmodium seems to be lare in buds compared with the piescnce of Halteiidium 
H liter idia ire common nr Austialian brrds, and have been found rn all the 
Stitcs vMtlr the exception of lasminia, though they have been found on 
blinders Isliiid in Bass Straits Tlie appeaiances of the foims touiid v iry 
somewhat, suggesting specific diffeiences liypanosomcs hive been found in 
scNciil species but seem confined more especiilly to Quecnsl ind and noithein 
New South Wiles With the same distribution, and olten in the smie infected 
buds, luge pirasites may be found in distended icd cells Ihe pai isite in the 
led cell is spheiical and indento the nucleus of the host cell, which is stretched 
over it so as to form a cap I am of opinion that this is the intr icoipuscular 
form of the Trypanosome witli which it is usually associated, although my 
former colleague. Dr Harvey Johnston, who was associated with me in first 
describing this foim, has since referred to it as a Leucocy^ozoon, as does 
Breinl The corpuscles are certainly not elongated in the remarkable way in 
which they are in infections by I cucocijtozoon ziemanmi Microhlarise are 
common in birds 

Reptiles — Hsemogregaimes are common in snakes and lizards Trypano 
somes and Hsemogregarines aie met witli in tortoises, as well as a Hsemo 
cystidium A Hajmocystidium has been met with in a gecko, and microfilariw 
in the water lizard, Physignathus hisucuni 
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Amphibia — A Hdcmugiegauiie has bee i met with iii one settles ot fiog 
only, Trypanosomes in several species 

Fishes — Trypanosomes have been found in the fiesh water tcl and in a 
catfish 


5 idaptnlion and Lnhenlance in SilLiiornib 
Bij Piofessoi Otto ^I^as 

The expeiiments in the feeding of silkwoims on the leives of oui well known 
vegetable Scofzoiitra hispanitUj loimeily undertaken by Hiiz, Tichomiiotf, ind 
others, foi practical pui poses, have been repeited by me on theoietical giounds 
as v'ell as b} difleient methods 

As none of the biteds cultivated by Hii/ s selective method hue suivivcd, 
selection appears not to opeiate at the length of geneiations, and consequently 
the much vexed question of the hciedity of acquired chaiacteis cannot be omitted 
GeneraPconstitutioii, ‘ Wuchbigkeit,’ plays its pait as well, qualities aie tians 
feried according to now well known laws of heredity, especially Mendel’s, the 
breeds have to be anal\sed, in this legaid is well, ind crossings ot noimallv 
fed with Scoizonera fed aie to be tried 

Hence the necessity foi woiking on a laigei scale, which 1 begin (after 
some orientating expeiiments in 1910 and 1911, on the possibility of feeding 
and selecting some bleeds) m 1912 The sinie material foi biteds his to be culti 
vated in difieient places, to ivoid local failures, difteient laccs of silkwoims 
have to be tiled on the sime food, and different feeding on the same lue 
(mulberiy bcoizonei i, and half Scoizoneii ind hilt mnlb(iiy), in oidei to get 
a miterial toi suitable crossings, and to pioduce new possibilities 

In acc Old nice with Kellogg, in spite ot all gradations foui mun t^pcs in ly 
be dist iiguished, o*f which I used chiefly thiee (with ditfeient eggs, colonis 
and shape of coeoons incl moth paiiein) designated heie ioi lonvemciue vMth 
the letteis Tip, It ind T, ind of these thue lucs ditfeiint gi id i 
tions lave been applied, loi instance J ipanebe fleshly impoitod, and Jipincsc 
cultivated foi joaib in Kiuope, Japanese of the wild foim (mandarina) , It ill ins, 
whose pa^r^nts had been fed by myself, 1911, with ^ccuzoneii, ind otheis noinnl 
tioni the seiKultural institutions, Tessin normal and with Scoi/onci i fed piients, 
Ac Results of the 1912 tieding lie unong otheis (1) tlie It and I , wlu^i 
parents had bcorzonci i, 1911 did not get well thiough the s inu tu itimnt, but 
died out ill spite ot every eaie, in sevci d loe ilities, vvheicis the freshly impoited 
J ip it and the noimil d’ sustained the new food eoni}) natively well (2) Still 
Scoi/oneia led in 1912 held togethei with mulbeiiy ted ones of the siine lace Ac 
show gieat differences A much smaller percentage comes to the lesptctivc 
iiioultiiigs much longei time is lequitcd (fifty six davs instead ot thiity six) ind 
theie lb cbpecidlly a long hcbitating and waiidciing peiiod of tlie big, well fed, 
vNoim, till it begins to spin (1) its cocoon, howevei, is not intciioi cithci in 
bi/e, density, oi stiength ot thicad The uossings of the vaiious biecds sliow 
milked difteiences in then pioductiveness The c ipacity of teitilisation (ictive 
and passive) of bcorzonei i moths, even of fiist late cocoons, is appaieiitly much 
nifeiior (this cm be veiificd not only by general tompanson, but also by tiving, 
tor instance, the same mile with diffeient females and in< la^a), fecundity, 
judged by the numbei of deposited eggs in the same lace, is much less, m many 
cases the females could not fasten then eggs (though that was beie not i i icc 
character) \lso of the fertilised eggs many more decay than in noimil egg 
deposits, and of the rtmaiiung a much smillci iiumbci is able to hitch in the 
next yeai (i infra) 

All these damages iic most signifn int, if both piieiits uc Stoi/oncii fed 
(thus a number of possibilities are at once excluded fiom fuitJui piop igation), 
while in the case where one paient was noinialJy fed the mating could be as 
fertile as a normal one In 1912 all possibilities of nee ciossings and tieatment 
were tried (a distinction also was made if the male hid Scoizoneia and the 
female mulberry oi iicc lersa), altogethei over thiity, which foimed the stilting 
material for 1913 

Of these egg deposits single ones always have been selected (to woik on 
* puie lines ’ for othei purposes, of which I shall give an account elscwheie), 
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but of the remainder a number weie always of equal descent regarding race, food 
in male and female, &c Those ha\ e been united respectively, to form ‘ popula 
tions,’ and such populations have been divided and distributed again in 1913 in 
different localities, and also with different giadations of food, so that last year 
more than thirty different breeds on different treatments altogether more than 
a bundled, have been raised by myself and by my assist ints 

In spite of the local dispeision oi just on account ot its impaitiality the 
result has been very unifoim Almost all the bietds resulting fiom both 
bcorzonera fed paieiits, even the well hitched, caused mudi rnoit dilhcultv in 
laising with fecorzoneia agiin, died out, oi came to spin only in sniill peicentage, 
while the Scoizoneraxinulbcri^ oi mulbeit> XvScoizonerx btecds showed i strong 
advantage and combined, so to siy, the ‘adaptation’ of one paitnt with the 
healthy state of the othei (still moie some of the half bcoizoriera, half mulbeiiy 
ted combin itions), and setm to be supeiioi to puu mulbeiiy desiendints m 
strength, and in faculty ot going through the bcorzoinia tieitment to spinning 
(Thit mi> be \ ilid, ot course, only toi i ceitain numbei ot the offspring, which 
number follows the IMendelian law ) 

Whether leally ‘ crossing favouis idaptation ’ c in be decided by this yeai s 
(1914) breedings, a fuithei gi idation piepaied by coiiesponding copulae of 1913 
These copulae liave been tried is much is possible within the same laie to 
avoid confusion, but with the ut nost possible variety of Scorzoneia handicap 
ping, as the giandpaients besides the parents have to lie considered 

hoi instance, I, the 1914 bleed, both parents 1913 Scorzonera fed , (u) all 
tour grandparents 1912 Scorzonera fed, (6) both grandparents of one side 1912 
Scorzonera fed, of the other side S( orzonera x mulberry (= three grandparents 
bcoizonera, one mulberry fed) Further gradations to male and female (/) 
grandparents on both sides b( orzonera X mulberry fed or on one side both 
grandp rieiits Scorzonera fed, on the other both mulberry fed ( = two grandparents 
S orzonera, two mulberry fed), but in different combinations, (dy gi indparents 
of one side Scoizonerax mulberry, of the other both mulberry fed (one grand 
pnciit hcoizonei i, three mulberry fed) , (r) different combinations of the half 
Scoizonei i mulberiy gi indpaients {i e fed up to the fourth moulting with 
bcoizoneia, then with mulberiy) 

II Of the piients in 1913 one with mulberry (giandpaients also mulberiy), 
tile otlicr paient with Scorzonei i (grandparents various gradations, itde 1 ) &c 
The results of 1914, vs tii is I cm (heck them it present, hive (onfiinicd 
tiiose ot 1912 md 1911 giving coiiesponding giadations of the ciossed ind of 
till pint bueds with regard to their adapt ition to the Scorzoneia treatment 
Of some bi(»logiial lesults, the instincts of the young worms to attack and leave 
ditfercnt kinds ot food then tiopisms 1 shall give an account elsewheie, ilso 
ot sonit speciil cxpeiiments of inheritance relating to the melanism, called 
Hu ‘ moiiciind, to the ‘ spoit ’ of ‘non spinneis,’ oi abnoimvl ‘ativistu ’ wing 
pattc ins 

b Noiib on Pciipatub and on iubhalian land Plananans 
By 1 SiiLL 


TVnisDii, iUGlVT 25 
The following Pipers were read — 

1 Sludus on Echinodctni Larioe By Di T ]\roirii Nsi \ 

2 On lilt Wotni Parabite^ of Iropual Queensland By Di W Nicol 

It IS only five yeais igo since the study of worm parasites was taken up 
s>stematically in Australia Eiiliei work had been ot a desultory nature In 
tiopical Australii little work was done until the foundation of the Australian 
Institute of Tropical Medicine, since then a large and representative collection 
his been mrde This paper gives i brief account of that collection 
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The most common human parasites are the hook worms (AnKyloBtoma and 
Nicator) Other human parasites are not more common than in temperate parts^ 
while hydatids are much rarer than in other parts of Australia The parasites 
of domesticated animals have not received much attention and only a few 
scattered records occur The most outstanding paiasite of the dog is Diro 
filarta tmmttis, which infects the heart and lungs and appears to cause much 
mortality In rats the characteristic parasite is the large Echmorhynch, 
Gxgantorhynchus moniliformis 

The parasites of marsupials and monotremes are interesting Ftlaua worms 
are fairly common in wallabies and opossums, while wallabies frequently har 
hour a laige mass of Strongylids in their stomach The Echidna is frequently 
infected with tapeworms and a curious little red, spiral shaped Nematode 
hitherto undesciil^d Similar Nematodes occur in fruit bats and snakes Not 
the least interesting mammalian parasite is that described by 8 J Johnston 
from the dugong, a Trematode which possesses an entirely new type of stiucture 
The birds do not show many pirasites that are iieculnrly Austialiin oi 
tiopicaL This is probably due to their migratoiy liabits Iho leptilcs and 
frogs afford several foims which aie typicilly Australian and a few which 
ippeai to be essentially tropical 

It IS amongst the fishes that w e find the most distinctive p ii isitc faun i 
This applies particularly to Tiematodes, and it will piobably be found that a 
large proportion of the Austialian Irematode puasites of fishes lepiesent new 
geneiic types, and in some cases peihaps new family types 

On the mignition of Onchoiuea larnt through the aip^ulc of the woim nodule 

Ihe life history of the paiasitic worm which causes nodular disease in cittle 
still remains a mystery A consideiable amount of experimental woik has been 
done on the suJ;>ject, but few positive results h i\ e been obtained 

In 1911 T H Johnston published i summary of the work whidi had been 
done up to that date, and came to the conclusion that the most piobable intei 
mediaiy host is a mosquito, a louse, oi a cattle fiy >Since that time foui 
important contributions have been added by Austialian woikers Ihe first of 
these was bv Cleland, who made the discoveiy that some cahes which had been 
reared on Milsom Island, New South Wiles, and had ne\oi left the island, hid 
become infected with worm nodules This showed that all the fictois con 
ceined in the transmission of the disease aie present on the island, and therefore 
narrows the scope of investigation considerably Cleland came to the con 
elusion that a biting fly or a mosquito is the most piobable intermediate host 
The second paper is by Gilruth and Sweet, who concluded that fiesh 
infection only occuired in young animals They showed that direct infection is 
impiobable^ and formed the opinion that some biting insect is the most likely 
transmitter 

On the othei hand Breuil perfoimed some experiments whith seemed to 
indicate the possibility of infection by means of water He was able to induce 
lu\Te to penetiate the unbroken skin and to emeige into watei, whcie they lived 
a shoit time His attempts, however, to infect vaiious iquatic animils with 
these laiva3 weie not successful Quite recently Cleland has published fuithei 
obscivations He found that On< hoeertn larvtC could be ingested by the stable 
11^ {i^tomoxys) and live in it for several days, but he could detect no develop 
merit in these larvae He also discovered fiee adult woims in cattle, miking 
their way through the tissues of the hind leg from the foot upwards 

It was with the view of confirming Breuil’s expeiiinents that the present 
work was undertaken The technique employed was similar, but various modifi 
cations were adopted to ascertain the eftect of temperature, rainfall, &c In 
none of the thirty experiments, however, was any positive result obtained 

Ihe proceduie consisted in applying sterile water on a calico pad or in a 
glass vessel to the shaved skin over a nodule, and examining the water a few 
hours later The negativ e results obtained in these experiments show that some 
factor was lacking which was present in Breuil s investigations 

Further experiments were performed w*ith nodules excised fiom slaughtered 
cattle These nodules were immersed in water under varying conditions for 
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different lengths of tune; and both the water and the nodule were examined 
thereaftei for the presence of larvae 

The earlier experiments were not veiy successful, but they showed that a 
few larvae could make their escape from the nodule into the water Later 
experiments, however, showed that the larvae could emerge through the worm 
capsule in large numbers, and fairly continuously for some time after the death 
of their host 

The effect of acid and alkali was tried, but they did not appear to stimulate 
the emergence of the larvae from the nodules Increase of temperature also 
was not found favourable 

All the nodules used were carefully examined both before and after the 
experiments to ensure that no tear or rupture was present in the capsule 
Damaged nodules were rejected 

In further experiments of the same nature certain nodules were fixed aftei 
varying periods of immerjsfion in water, and thereafter cut into serial sections 
In most of the nodules larve were found in considerable numbers in the wall 
of the capsule Usually they were uniformly distributed in one or more layers, 
tonesponding to the denser strata of the capsule The impression was received 
that the watei had some definite effect upon the woim mass inside the nodule, 
stimulating the lariae to make their escape thiough the capsule This effect 
w IS not usually pioduced until after several hours* immersion 

It IS worthy of note that the adult worms were found to li\c foi more than 
two days after removal from this host, and that living larvje continued to 
escape from the capsule for at least three days Attempts to keep the laivsB 
ilive in water weie not successful, as they did not survive for more than forty 
eight hours at room tempeiature 

The results of these experiments go to show that Onchocerca lar\TB can and 
do make then escape through the capsule of the worm nodule, usually in small 
numbers but it times or in some cases m compaiativelv large numbeis These 
lesults do not necessarily support the theory of watei borne infection, but they 
show that, even if the infection be insect boine, it is not necessary to suppose, 
as his been done, that at some period of its life the woim sheds its larve into 
the blood stream The numbers of lirvx escaping from the nodules are sufh 
cient to ensure a modeiate chance of infection in any biting insect The fact 
th it the lar\ c may be induced to penetrate the unbroken skin by the applica 
tion of watei may be merely an accident, but it shows that the larvae find 
their way veiy close to the suiface, and may theiefore be \ery leadily ingested 
by an\ biting insects 

3 Joint Discubbion tilth SeettoHb C, E, and K on Past and Prebc it 
Pidabons of AntarcUca in their Biological, Geographical, and 
Geological Aspcttb 

Sii DouctLAS Maw son I propose to deil particulaily with lecent geogiaphi 
cil ad\ inces in Antarctic i and to lay special sticss upon the woik which has 
been poi formed by the Australasian Expedition We aie now ill satisfied that 
there is a gieat continent at the southern extremity of the world Possibly, 
weio the ice to bo melted, there would be, not one laige land unit but sevei il 
We feel suio, however, that there would be at least one Urge ele^ated piece of 
land in the Austialian Quadrant ^ but theie are many who hold that there 
would be at least a second piece lepresented bv the land south of America, 
sometimes called West Antaictica It is, indeed, probable that this latter mass 
would be found to be split up into a number of small isolated fragments 

South Victoiia Land and the Ross Sea Region have been explored or touched 
upon by eight expeditions, of which several, particulailv those of Scott, Shackh 
ton, and Amundsen, ha\e accomplished important land work In Victoria 

^ Foi convenience the Antarctic Regions may be considered as divided into 
four Quadrants, commencing from the meridian of Greenwich, and each named 
after the lands or seas to the north hence, African Quadiant, Austialian 
Quadrant, Pacific Quadrant, and American Quadrant 
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Land the continent rises to great heights, at least 12,000 oi 15,(XX) feet being 
visible from the sea Indeed, Amundsen reports finding mountains up to 
19,000 feet in height near the Pole itself Little was known of the extension 
of the continent to the west of Victoria Land until recently, when the Austral 
asian Antarctic Expedition visited that region Two expeditions in 1840, one 
French and one American, spent a shoit time in those seas, but neither landed 
upon the mainland, though the Iiench reached a rocky islet off the coast They 
both saw parts of the mainland, but then repoits weie vague, and seivcd only 
to stimulate inteiest in that poition of Antarctica 

The 60 degiees of that poition ot Antaictici to which wo s tiled some three 
years ago then presented leally a Migin field Now we have bi ought back the in 
formation that it is continuous land, ind tint it is covered by i veiy thick and 
solid icecap, tvhich flows out tiom the (eiitial poitions of that high continent 
In that poition the coast line is not anything like so steep ind precipitous as on 
the Poss Sea side The Geiman Expedition of 1901 made the land it whit they 
called Gaussberg, just to the west ot the Aiisti ilian Quidiint Hieii sship was 
fiozen iiTto the pack some distance from the Und, and they sledged to the littei 
duiing the wintei, but time did not peirnit of any extensive lind woik The 
Swedish Expeditio 1 in 1901 ind sevei il Fiench expeditions since then hive 
done very good woik south of America, amplifying the outline already started in 
that legion long ago A joint British and r^wedish Expedition— in the couise of 
piepaiation -pioposes to c iir^ on the work in that localitv The Scottish 
Expedition of a few yeais ago sighted the continental ice sheet it what they cillcd 
Coats Land, in the Weddell Sea There it is a steep, stiaight ice face — nothing 
but ice — which rises inland to consideiable heights The German Expedition 
of 1911, the sime peiiod is our own expedition, reached what ippears to be 
the southein extremity of the Weddell Sea and ictually sighted rocky 1 ind 
bejond the ice coast However, they weie pi evented fiom doing any lind woik 
It now lemiins for future expeditions to tell us exactlv what exists south ot 
the Weddell Sea 

Of the Afiioan Quadiant pi ictic ill\ nothing is known It his been sighted 
only in one place — Endciby Land — by a whalei in 1820 Though the discovciy 
of Endeiby Lind has not smc'C been checked, I feel ceitiin of its existence, 
attei compaiing the meteoiological conditions logged by Hiiscoc in tint neigh 
bourhood ind those met by us off Adelie Lind in the sirne lititudc fiiitlici eist 
Ihc Pacific Quidiuit also is ilmost i blink, nothing being known excepting 
King Edwiid Lind on the extieme west 

Aftei suiveying the geogiaphicil diti iviiliblc wo (ondiich tint Ihtu is 
ibout the '^outli Pole i continent of about 5,0(K),(KM) scpnie miles in iiei it 
consists almost entiiely ot a gieat icecip, locks seldom out ciopping excepting 
actually upon the coast 

I will confine my subsequent lemaiks to the 60° of the \ustialiin Qiiidi int 
entered by oui own expedition The voyages of the S \ [urom iie so 
numerous that, to save confusion, I shall lefei only to the moie im})oitant 
In Macquaiie Island a subantarctic possession of lasmanii in 55° S lat , we 
hid a party of five stationed for two yeais, making a complete eximination ot 
that fascinating island, and sending up to Austialia by wiieless regular daily 
weather messages Adelie Land was the situation of oui miin Antaictic base 
where eighteen of us wintered and carried out a general scientific and geographi 
cil programme for two years When the wiieless was working well, messages 
were sent up to Australia by relaying through Macquarie Island About 1,100 
miles west of the Main Base station w is oui western Antarctic b ise, undei the 
charge of Mr I rank Wild The party consisted of eight men all told As 
the ship had not been able to leach solid land in that vicinity, on lecount of 
solid floe ice, the party had winteied actually on a floating shell ice foimition — 
the Shackleton Ice shelf — seventeen miles from new land, called Queen Maiy 
Land Between the two Antarctic bases much new land had been met by 
Captain Davis In other nlaces the ship sailed over what had been maiked is 
land fiom vague reports of the early explorers In 1840 mapping was neces 
sarily rougher than at the present time, but Wilkes paiticulaily exceeded the 
allowable eriois in his charting I have come to the conclusion that Wilkes’s 
mistakes have arisen fiom eriors of judgment in mistaking solid pack ice for 



THANSAOtlONS OB’ SECtlON D 


411 


Und It IS not dithcuit to tall into such etiois, but an apxjreciation of the 
possibility of such errors leads one to wait until further proof is obtained 
before stating that any apparent landfall is actually land The mirage effects, 
when looking ovei pack ice, are sometimes very misleading There is no time 
to deal in detail with the errors discoveied in Wilkes’s charts Onl> in one 
place, Addle Land, did we find land where shown on the American chaits In 
several other places the existence of land was disproved Elsewheio the ice 
conditions weic adveise, so that we weie not able to penetiate as tar as Wilkes, 
with the lesult that seveial of his Undfalls still call foi confiimation Though 
Captain Davis was not able to push the ship siifhciently far south to get a view 
of Knox Land, stiong confiimation of its existence is afforded by the data 
acquiicd by us on land and sea in thit neigliboiiihood , in fact oiu soundings 
show that even if Wilkes’s landfalls between Vdelic Land ind Queen Mary 
Land be out, the boidcis of the continent will be lound not fii to the south 

LThen followed tuiihei ictciencc to the woik of the Aiisti ilasian Antiictic 
Expedition, piotusel> illustiatcd bv means of lantcin slides, some of which weie 
coloui photogi iphs The points dealt with weie the following — 

1 Extensive sledging jouine\s in Adelic Lind King Gcoige Land, and Queen 
Aliiy Land, the aggicgitc of all jouinevs, iiit hiding suppoiting paities, exceeded 
4,()0() miles 

2 The use nude of wiitlc^s telcgi iphy to fix i lundamental mtiidian in 
Adclie Land 

3 The continent south of Vu'^ti ilii is ot the natuie of i high plate lu using 
to 1 ,(X )0 leet within tvvinty miles ot the coist, but continuing steadily to use 
tuithcr to the south The coists aie foi the most put, ot the nitiiie of ice 
cliffs, wlieic the icecip it the watei fiont still ndes on i locky bottom Onl^ 
oecisioiullv do locky c ipes bieak the monotonj' 

4 I lotting extensions ot the lindi(c aic met with it intiivils sometimes 
IS tongues fiom the v illcy depicssions of the boideis ot the continent at othci 
times IS immense apions the most not iblt of the littei, mined the '^hiekleton 
S) tif, extends 180 miles fiuin the lind 

*) V hinge of loekv oi let cipned islets is i ft ituic ot miuh ot the eoist 

() llie Continentil Mielt isiemukible toi its mshoic tiougli this ippeiisto 
he i legulii teituie As one passes out to '^e i tlic w itei it hi'^t eUeiiens, then 
sliotils bctoic hnill^ plunging down into the oiein depths 

7 Ihc shij) s piity e iiiicd out extensive oec inogi i})hn inv t stig itious, 
including i luge numbei of deepsti soundings 

8 Biological eolhetions wtic made it etch ot tho thiee lind biscs ind 
tioiii the ship, ditdgings vveit nude in depths down to 2,000 f ithoiiis On lind 
the eggs ot the Antiictic jictiel nid of the silvei gitj petiel weie found foi the 
hist time, ind stvoiil new buds uid then eggs weie idded to the collection 
On Miequiiie Jsluid v special studv was made of sea elephants 

0 J hi locks ot Vdtlie Land ind Queen Mii> Lind piovcd to be ehiellv vci\ 
UK lent gneisses iiid schist'^ At Cipe Huiitei in Adelie Lind in indent 
seelimeiitny sciies in put phyllites, is to be seen On the loist of King Geoige 
Lind there extended toi min> miles lockv clitfs 1,0(X) feet in height, the uppei 
hilt IS lolinnnii doleiitc below is i sediment iiv ^^eiies cont lining bands of coal 
ind taiboniceous sinks Wood\ mattei w \s ditdged up it seveial points along 
the Antiictic coast At Macquaiie Islind the lotks iie chieflv igneous~tor 
tho most pait gibbios Fveivwheie the islind his been ovtiiidden b^ ice, 
leiving behind niinv smill glicial likts and a mantle of till 

10 Ihe bimultincous iceoids obtained bv thiee stations eadi ibout 1,000 
miles ipiit ind ill in in entiielv new spheie, fiom which no figiues have befoie 
been letuincd will piovc of gieat value when vvoiked up The vveathei con 
(litions it Macquiiic Island weie ‘ vviitlessed ’ up to the C ommonwealth*Weatlui 
Bureau eveiy dav toi two jeiis Duiiiig a pait ot the time it was found possible 
to do the sime fiom Adelie Lind In Adelie Land the most teirific climate 
tv^ei leeoidcd was found to pievul The aveiige wind velocity foi the \tar 
was found to be 50 miles pei horn It sometimes blew at 90 miles pei houi foi 
24 houis, velocities of over 100 miles pei hour weie often reached, and on one 
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occasion lie miles \vere lecorded in a single hour When the wind came down 
m cyclonic gusts it often exceeded a puft velocity of 200 miles per hour The 
instrument used for ascertaining the average hourly velocities was the self 
recording Bobinson cup anemometer 

11 An unusually extensive magnetic record was obtained, including con 
tinuous magnetograph curves at Cape Denison for a period of eighteen months 
This station is the nearest yet established to the South Magnetic Pole A series 
of careful field determinations weie made to within a few miles of the Magnetic 
Pole Systematic observations ot the Aurora Polaris ^^e^e made in conjunction 
with the magnetic and wireless observitions 

12 In Adelie Land special account u as taken of bactei lology ] 

Mr Griffith Tavlor The pieseiit brief accoimt of my woik on Ciptain 
Scott’s Expedition deals \Mth regions neai 78° S , extending fiom Granite 
Hdibour to Mount Disco veiy 

The walls of all the glicial ville^s, as well as the mighty Scaip of Listei, 
show a Hieiies of stages ot gUcial sculpture which aie believed to illustrite i 
process of evolution Snow slopes gi\e use to couloii*^ which can bo seen passing 
into rounded forms oi ‘ half funnels ’ (in Gi imte Haiboui) and so into tiue 
cwms (or cirques) In suitable localities (such as below Mt Listei) headward 
erosion has changed a cwm into a ‘ finger valley ’ These with other highei 
cwms tend to form a radiating svstem lesembling the lelition of the fingers to 
the knuckles of a hand 

Great glacial troughs oi Tiog talei are well shown in the Ferrai and Tayloi 
Valleys The latter is free from snow oi ice for twenty miles, and it is crossed 
by several bariiers or ‘Riegel ’ 

Examples of eiosion by planatioji arise rarely undci piesent ciicumstanccs 
Most of the glaciers are comparatively free fiom debris and their drainage 
waters aie clear instead of milky Striae are infrequent There is much water 
during summer, as along the Koettlitz Glacici, which is diained by the twenty 
mile long Aliih Ki\ ei 

The glacieis exert little pressure at their sides, and aie usually bounded by 
1 lateral moat, often o\ei a hundied feet deen Wind, water, and ‘ lieeze and 
thaw’ are potent agents here in caiiying off the icsults of eiosion, which is 
chief! j due to ‘ fieeze and th iw ’ 

The Riegel (bais) of the layloi Valley closely lesemblc those of the European 
Alps The largest is J,000 feet high and almost blocks the Valley where the 
latter is foui miles wide A narrow defile 1,600 feet deep and about 400 yaids 
wide IS cut through its northern end, like the defiles of Bergun, Faido, Mesocco, 
^Lc , in the bouth East Alps 

The cwm and fingci valleys are bounded by steep iidgcs 1,(KX) Icct high (is 
at Devil’s Bowl and Davis Valley) They could not be cut out by noimal 
glacial erosion, moi cover, they aie often only a mile or two in length 

It IS suggested that the ‘ 'pcilimp^est ’ theory welds these two difficulties of 
Riegel and cwm eiosion The cwm erosion headward cutting occurred first, 
possibly, along pre glacial valleys, and cut out finger valleys and steps, which 
latei v\eio overwhelmed by tiue outlet glaciers flowing out fiom the Ice Plateau 
Thus the Riegel are relics of the old cwm heads The basins weie excivated by 
mvation round the slowly receding snouts of almost st ignant glaciers 

The bygone separation of the Feirar and Tayloi Valleys is desciibed, 
though now they aie apposed in Siamese twin f ishion 

Professor T W Edg worth David In legard to Mr Taylor’s able 
exposition of cwm eiosion, I think he has proved his point, for many of these 
valleys which have been so deeply recessed into that huge strip of land which 
may be called the Antarctic ‘ hoist ’ I would suggest, however, that we must 
not press that cwm theory too far We must expect, and really do find, evi 
dence of transverse faulting in the so called * Beacon Sandstone * formation The 
Beardmore and the Mackay glacier valleys represent, to my mind, regions of 
cross faulting and downwaid slipping which have produced low points in the 
hoist, sagged areas forming in the great rampart of the range low gaps through 
which the inland ice has overflowed into Ross Sea In the case of the mam 
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outlet valleys, I do not think that wo should ascribe their whole excavation to 
the work of cwm glaciers I do not know whether Mr Taylor would press for 
that These main valleys seem partly tectonic, partly glacial, and very possibly, 
in their earliest inception, partly fluviatile 

Next, in regard to the Great Ice Barrier, the Ross Barrier— the huge 
equilateral triangle with sides about five hundred miles in length — is fed by a 
very largo number of glaciers It has been said by some that it is merely sea 
ice tliickened by additions of annual snows going on for thousands of years, 
until at last a thick mass results of sea ice at the base, while the snows and 
neves of a thousand or more years form the remainder of its bulk I would 
point out that if th it were the case, we ould surely expect the Ross Barriei 
to have a pretty even cliff facing the ocean But we do not find that condition 
at all, we find it is very variable in height — from twenty feet in some places to 
a hundred and fifty feet in otbeis As this thickness is so extremely uneven, it 
seems to me probable tb it the Ross Bairier is composed certainly in its inland 
portion and probably in its sea face, of the fanned out ribs of glaciei ice derived 
from the contributing glacier valleys which pour into its sides, both from the 
south east and from the south west T think, then, that this great v ariability of 
thickness is proof that there is something more than mcie sea ice and old 
neve deposits (not but vihat the litter is an important contiibutor) helping to 
form that wondeiful ice mass, ^vliich v\ is, perhaps, paralleled by the Pleistocene 
North Sea ice sheet of Europe, which impinged upon the shores of Yorkshire, 
and produced those big lakes neai Yoik itself 

Next the question his been riised is to whethei the lind mass of Ant irctn i 
has been fixed at the South Pole from eiilv geological times, or \\hether it lus 
migiated In Cam bum times we know tint theie was an extensive development 
of the Aich i ocyathina limestones *1 hose hive been described bv Mi I ivloi 
Quite litdv gieit blocks of \rchaocvithino limestone, dredged bv Dr W S 
Biuce fiom depths of about 1 TOC) fithoms to the noith of the Wtdchll Sei, 
hive been identified is such by Di Ooidon Iheie is evidentlv a gieat develop 
ment of these AichTocyathin e limestones both on the Austialian and on the 
American side of Antarctica Mi Tiyloi Ins shown that the Vrthiocjathin’e 
never extended into the tropical portions of the vvoild ind on the whole weie, 
there foie piobablv inhabitants of cool witeis This evidence suggests that the 
axis of rotation of the earth, so fai as the Southern Hemispheie ind piobably 
the Noitheiii Hemisjiheie too, are coiiceined vv is peihaps approximately wheie 
it IS now, even as fai back as Cimbrian time One cannot, of course press this 
statement until a gicat many more localities foi the occurrence of the Aichneo 
cvithinT have been identified The pioblem of the occuiience of a Permo 
(v iiboniferous flori within 5° of the South Pole itself will no doubt be touched 
upon by Piofessor Sew ird 

In legard to the possible biological analogue of modem Antaictica with 
Ptimo Carbonifeious Aiisti ilia it miv^ be stited tint m Antaictiei we find an 
ibundance of the ‘sea mats,’ i feituie which atti icted specnl lomment as far 
bick as the d ite of Sii Tames V Ross s Expedition Similailv we find that 
henestellide aio veiy common in oui Ptimo Carbonifeious beds both in the 
laiwei and Upper Miiine Senes, both of which aie paitly gliciil in oiigin 

In the Antirctic we find a lirge pecten Pecten Colheclif enoimously 
ibundant in the raised beaches, wheie it dominites every othei foini of mollusc 
Also in Antarctica we find that sponge spicules arc extraordinarily abundant, 
indeed, the flooi of the Ross Sea must be as white as snow with sponge spicules 
In the Permo Carboniferous rocks of N S Wales large Aviculopt ctens aie very 
numerous, and sponge spicules not uncommon 

A point which I wish to emphasise because it is perhaps new, is that in our 
Pei mo Carboniferous rocks we have a widespread development of curious mineral 
in oui marine semi glacial beds, to which we have given the name of ‘glen 
donite ’ This glendonite is associated with glaci il erratics , we find it parti 
culaily in oui Upper Marine Permo Carboniferous rocks It is a pseudomoiph 
after glauberite Sir Thomas H Holland tells us that, in Lake Sambha in 
Rajputana, soda sulphates, with a little sodium chloride, are concentrated and 
thrown out in the water in winter on account of the sulphates being less soluble 
in cold water Mr H T Ferrar, to whom members of the Shackleton 
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Expedition are very deeply indebted for his valuable woik on geological Antarc 
tica^ has shown that soda sulphate, mirabilite, now ciystallises out in Antarctna, 
as confirmed by my colleague, R E Priestley It is only in our Permo 
Carboniferous rocks, where we obtain indications of ice action, that we also find 
these glendonites , therefore it seems to me that, inasmuch as they were developed 
m association with glacial erratics, probably the witei it that time was veiy 
c*old 

Next I should like to emphasise the fact that Antaictica is meteoiologically 
a great foice centre, and that its presence in the Southern Hemispheie is of 
the utmost importance to the inhabitants of Australia, not only for the undei 
standing of the past distribution of animals and plants, but particularly from 
the point of view of meteorology There can be no question that if Antarctica 
were wiped off the map now, there would be much less Stirling up of the 
atmosphere m the Southern Hemisphere than there is to day Theie is no 
doubt that Antarctica acts as a great refiigerator of the atmosphere, causing a 
steady down draught, and it is on this account that it is a big factor in 
Australian meteorology 

In conclusion, may I state that I consider Sii Douglas Mawson has done 
a great work for science in estiblishing the meteoi ologic il wireless station at 
Micquarie Island, no v taken ovei by *he Federal Government’ When one 
thinks of the gieat benefit that results from the more accurate weather foie 
casting made possible by this station foiecasting on the accuracy of which 
not onlv so many industries but the \eiy lives of our sailors depend one feels 
that all the money expended on Antarctic expeditions, ill the hardship and 
suffering, and e\en loss of heroic life that thev involve, are justified bv the gain 
to scientific knowledge in the seivice of humanity 

Professor Pfnck I desire only to make a few remarks as to the geological 
structure of Antaictica It seems to me theie is a verv great difference in the 
geological structure of the western and eastern parts of Antarctica Along the 
Beardmore Glacier there is no trace of mountain making bv folding since the 
Palapozoic age On the other hand, the region south of South A mem a has the 
structuie of the Andes, and it has been shown that theie aie the same locks in 
the western part of South Ameiica as in western Graham Land, and a \ery 
small ir section of Mesozoic rocks in Patagonia and in eastern Graham Land 
We see in Australia the counterpart of eastern Antarctica How aie these two 
parts of Antarctica joined togethei ’ I think this is still a \eiv open question 
and one which offers a wide field for futuie exploration 

Ml H T Fi-rrar Iiistly I would point out that the hill maiked J on the 
‘Discoveiy’ maps is separated irom the foot of the Royal Society Sc up by a 
transverse valley which we called the Snow Valley On a sledge jouiney up the 
Blue Glacier we weie able to look along this \ alley and ii cognise Mount Kernpe 
standing at its southern end on a journey to the summrt of Brown Islind wt 
were able to see into this villey over the tops of the Southern loothills which 
hive a sharp and definite crest One of the 1 intern slides just shown by 
Ml Taylor exhibited a long cloud hanging is a festoon ilong the scarp of the 
Royal Society Range, and reaching from the northern foot of Mount Kempc 
up to the western foot of the hill T, whuli I think betiays the presence of this 
tiaiisveise valley, although its existence is denied by Mi Tayloi I do not 
tgiee with Mr Tayloi that these ‘ fingei v illeys,’ as he tenns them bo id in the 
comes of the Royal Society Range I think the ice masses in them iie lemnants 
of glacieis which once haci then origin on the east face of the Royil Society 
Range, and then pushed across the tnnsverse valley into McMuido Sound The 
ice masses have now slipped aw iv from their sources, and are the ‘ ice slabs 
shown somewhat conventionally on the * Discovery ’ maps The late Dr Wilson 
at the south end, and myself at the north end of the Southern Foothills, proved 
that the ice in these so called finger valleys does not now meet that shecl from 
the Royal Society Scarp I think Mr Taylor j6urneyed too close in under these 
foothills to realise that this transverse valley really exists 

Secondly, we had the good fortune to see the Royal Society Range from 
several points of view, and to us it stood out as an obloid crust block with a 
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transverse valley (the Emmanuel 01 icier) separating it from the hinterland of 
this latitude 

Thirdly, the three valleys indicated on the ‘ Discovery * maps to the north 
ward of the Inland Forts probably have some connection with the Wright and 
Debenham outlet glaciers mapped by Mr Taylor’s party on then journey to and 
from Granite Harbour 

With regard to the Great Ice Barriei, I agree with Professor David as to 
the origin of the ice of the Ross Earner and other floating Piedmont glaciers, 
and hold to my view that they are due to the inland ice draining through the 
outlet valleys, and crowding upon itself on the coastal platform of the continent 

[The following slides were then exhibited — 

( 1 ) The Admiralty Range, showing fault block ranges of mountains 

(2) The Beacon Heights, with no suggestion that the Beacon Sandstone on 
the sides of the Ferrar Glacier was other than a single formation intruded by 
sills of dolerite 

(3) Ihe Cathedral Rocks (with granite hills in the foreground), showing the 
rocks in ascending order which go to build up this portion of Antaictica 

(4) The Kukri Hills — a line of junction between schists and gneisses only 
sliglitlv eioded by a glacier occupying what is probably a fault ti ace 

(5) A view of Knob Head Mountain, to explain the movement of the ice of 
the Ferrar Glacier and of the South West Arm, into Tavlor Valley 

(6) The Inland Foits, rasped but hardly eioded by the ice which once passed 
between them from the Ferrar Glacier over into another drainage svstem 

(7) The channel between ice and rock at the foot of Knob Head Mountain, 
showing how spur truncation is brought about by the agenc\ of watei rather 
than bv a rock charged ice rasp, also uplift of englacial material where two ice 
streams meet 

A map of Antarctica and the Southern Seas wis next refeired to, the east 
west folds of South Afiica and Victoria (Austialia) were indicated, as was also 
the submarine fuirow between this ridge and that of the Ciozets, Kerguelen, 
&c , and yet another furrow between this island iidge and the mam coast of 
the Antarctic, ind reference was called to the late Dr J Milne s view that east 
west belts of the earth’s ciust were moie rigid than meridional belts 

Antarctui itself would seem to have been subjected to a torsional stiess, 
which was relieved by luptuie along a meridional line now marked by the steep 
roist of South Victoria Land That poition embracing Coats Land, Enderb\ 
Land, Adelie Land, and South Victoria Land stood firm, while that portion 
now beneath the Ross Sea and including Fdward VII Land foundered, owing 
to gain in anguUi velocity consequent on the earth’s rotation it foundered east 
ward, and slipped round in an easterlv direction until retarded by some obstacle 
near the longitude of Cape Horn The pressures created by this retardation 
piobabl> (aused the ciust il buckle or Andein fold of the Graham Land region ] 

Mr F SiiTivvFLL At Commonwealth Bay in Adelie Land is a small rocky 
promontory of about half a square mile in aiea Around it weie found slight 
evidences of lecent relative uplift The rock itself was a gneissic gi mite, which 
w IS very fresh ind showed very little surface weathering ('^miples on the 
table indicited the fiesh chiiaiter of the lock at sei level ) Inland was another 
exposure of loik which, in centrist to the sea level lock, showed marked weather 
ing Ihis inlmd lock was similii in chaiacter to the sea level rock, and had 
evidentlv been exposed a much longer time, and it clearly showed that the sea 
1< vel rock had not been exposed sufficiently long to vveathei The ice ablation in 
the winter months w is considerable and amounted to about four inches, and 
exceeded the summei accietion It is quite possible then, that Point Denison 
has been exposed within the last hundred ^ears — a very recent change Fiom 
the accounts of the second Base Party, 1,100 miles westwards fiom Adelie Land, 
the snow accretion seemed to be in excess of the snow ablation The conditions 
thus appear to be v ariable in this quadrant of the Antarctic 

Captain John K Davis Much has been said regarding the past and present 
of Antarctica, T propose to say a few words on future investigation, which 
wull so greatly benefit by the woik of those who have gone before Land 
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journeys, important as they are, must be supplemented by the investigation of 
the coast line if we are to progress towards the completion of an outline map 
of Antarctica The Antarctic Coast line has been estimated by Professor 
David at 16,000 miles, only 4,000 of which have been explored , it is high time 
that a complete circumnavigation of the Continent was undertaken and its out 
lines correctly laid down upon our maps 

The Australasian Antarctic Expedition under Sir Douglas Mawson may be 
said to have begun this work of circumnavigation Sixty degrees of longitude 
in the Australian Quadrant were investigated by this expedition When heavy 
pack made a near approach to the coast impossible, the aid of the sounding 
machine was invoked, and supplied evidence as to the piobable distance of 
the land As a result of the voyages of the ‘ Aurora,* a complete section of the 
sea floor between Hobart and the Antarctic is available This section shows the 
big rise 200 miles south of Hobart, where the water shoaled over 1,000 fathoms 
in 50 miles This rise was traced for a considerable distance on a southerly 
course (about 125 miles) The least depth found on this ridge was 545 fathoms 
Compared v»ith soundings taken in adjacent waters to the east and west, which 
ranged from 2,700 to 1,670 fathoms it may be conjectured that the ridge rises 
at least 10,000 feet above the general level of the sea floor in the neighbouihood 
The bottom for the most pait is hard and rocky, but no specimens of the rock 
were obtained Further south another smaller rise was indicated — investigation 
in this locality will probably disclose others Impioved methods, and the ex 
perience gained by recent expeditions should enable futuie exploiers to retnin 
not only with a map of the lands they have seen, but also with a knowledge 
of the floor of the ocean over which thev have sailed 

The work of the Australasian Antaictic Expedition ended at Ginssbeig 
From this point anothei 90® of longitude stretch westwiid known as the A fin in 
Quadrant, the most promising field for exploration remaining in the Antirctic 
An interesting feature of the work of the Austialasian Antaictic Expedition 
was that close to the position assigned bv Wilkes to Termination Land a huge 
ice formation (of the same type as the Ross Biirier) extending over 160 miles 
fiom the mainlind was discoveied The seawaid end of this foimition wis 
named by us Teimination Barrier Tongue, its position is one of considoiable 
interest in view of the unsuccessful attempts of the ‘ Challenger ’ ind the 
‘ Gauss * to locate Termination Land further west 

Lieut Wilkes in his narrative of the voyage of the ‘Vincennes’ wrote as 
follows — ‘On February 17 (1840) about 10 a m \\e discovered the birriei 
extending in a line ahead and running north and south as far as the eye could 
reach [this evidently refers to a line of pack ice] Appearani es of land were also 
seen to the south west, and its tiending seemed to be to the noithwaid We 
were thus cut off from any further progress to the westward, and obliged to 
retiace our steps we were now in longitude 97® 37' E and latitude 

60® 01' S ’ The appearance of land referred to was placed on the published 
charts of the expedition nearly fifty miles from the position given above and 
named Termination Land Allowance being made for the difficulty of obtaining 
precise longitude in those days, everything points to the fact that Wilkes did 
sight the great ice-tongue we afterwards rediscovered 

The configuration of the great inlet in the pack ice as shown on Wilkes’s 
chart, and named Repulse Bay, made it evident to us that some obstruction 
(either land or barrier ice) inteifered with the free passage of the pack ice 
to the west , our subsequent discovery confirmed this belief, and provided the 
confirmation given as to the accuracy of the woik of this courageous pioneei in 
the locality 

Professor R N Rudmosp Brown Professor Penck has referred to the 
importance of the structure of Antarctica That, to my mind, is the chief 
geographical problem to be solved in the Antarctic There has been speculation 
as to whether Antarctica is one land mass, or two with a strait between them 
It seems to me there is no room for that strait across Antarctica, because of 
the discoveries by Shackleton and Amundsen of the land bounding the Ross 
Sea On the Weddell Sea side discovery has left a gap in the coast line, where 
there is certainly room for the strait, and yet probabilities are against it 
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It IS m that region of the Weddell Sea where the doubtful Morrell Land or 
New South Greenland is placed Without going into all the evidence regarding 
Morrell, this much I would like to say, that nobody has ever sailed over the 
position of Morrell Land, or disproved the position of it since it was first 
reported Ross, a very cautious explorer, reported appearance of land about its 
northern extremity I’he Scottish Expedition could not get into that region 
because of the heavy ice, but the soundings seemed to shelve towards Morrell 
Land It is true that Lieut Filchner reported that he disproved Morrell Land , 
however, he did not go sufficiently far west to sight it, so his statement is of 
no value 

The Weddeir Sea has been very much neglected The Ross Sea quarter has 
had great attention paid to it, probably because it is the nearest and most 
direct way to the Pole 

Nobody has yet landed on Coats Land, nor on Leopold Land There was no 
possibility of landing on the ice cliff of Coats Land when the ‘ Scotia ’ dis 
covered it in 1904 , but there was no doubt whatever about that ice cliff being 
i part of the ice cap pouiing off the continental land The deep sea soundings 
and deposits by themselves showed that, but what I would like to emphasise 
is this that Coats Land seemed to ri<»e in the ulterior to great heights, but 
we Arere not certain of the distance of these heights Most of us, and particu 
larly those with longer sight and more experience in polar seas, were convinced 
that this was the plateau rising into the interior to heights of perhaps 10 000 
or 15,000 feet Future exploration will, T believe, confirm this It is to be 
hoped that Sir Ernest Shackleton will be enabled to start on his trans continental 
expedition, because he will score a new trick across Antarctica, and incidentally 
will solve this problem of the structuie of Antarctic i toivaids the Weddell Sea 

Dr G C SiviPSON I desire to refer to onlv one matter connected with the 
Antarctic I do not think we realise sufficiently that the southern hemisphere 
IS much colder than the noithern hemisphere, and the reason for this differeiue 
m temper iture is certainly not understood by scientists When we think of the 
temperatuie of a place, we think of the temperature in the lower atmosphere 
Now the mere passige of light thiough the atmospheie will not warm it The 
mam method in which the atmosphere becomes warmed up is by the sun shining 
on something it can waim Now, in the Northern Hemispheie there are large 
misses of land which can absoib the sun’s energy, and then give the heat to the 
atmosphere In the Southern Hemisphere, on the contrarv, the whole mass of 
land within the Antarctic continent is covered with ice which is practicallv 
a perfect reflector, and therefore when the sun shines on to it a laige propoitioii 
of the energv is leflected into space I do not think scientists have quite 
italised how impoitant that is — that 5,000,000 square miles of the eaith’s surface 
111 the ‘Southern Hemisphere reflect into space a large pait of the eneig> received 
fiom the sun I feel ceitiin that this is ont of the chief reasons foi the 
diffcience iii temperatuie between the Northern and Southern Hemispheies 

Mr Chari LS Hfdlfy Naturalists have deduced the age climite contoui, 
fauna and flora of Tertiary Antarctica from the nature of the Antarctic refugees 
now living in southern lands Biologists note that many similar forms, either 
recent or fossil, are repeated in various southern isl inds or continents For 
instance, theie are the monotremes, once perhaps a numeious gioup, of which 
two widely different types survive m Australia Tasmania, and Papua Tlie 
bones of other monotremes occur in South Americin deposits Then there are 
the Thylacines, recent in Tasmania, and fossil in South America and Australia 
Either we must consider that these groups aiose independently in each 
hemisphere, or that they spread from the one to the other In the latter case 
a South Polar land offered the most direct wav from home to home The 
simplest explanation of the distribution of marsupials, past and present, is that 
they originated m South Americi, spread by way ot Archihelenis to Western 
Europe by way of the West Indies to North Ameiica, and by way of 
Antarctica to Australasia 

Turning to the Amphibia, both the Hylidse and the Cystignathidoe have 
their chief seat in South America, both extend to Australasia, vvheie they 
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are best developed in the south east, and gradually vanish before reaching the 
Moluccas Here again the most direct road between the two centres lies across 
Antarctica By cumulative evidence from plants, both cryptogams and 
phanerogams^ from animals, both vertebrate and invertebrate, of many and of 
varied types, we are led to the conclusion that the way they might have gone 
was the way they actually went 

A problem which geographers seek to solve is — whether there are now one 
or two Antarcticas, and again we may ask whether m the Miocene there was one 
Antarctica or two Antarcticas’ If there was only one, why did it not distri 
bute its faunal contents evenly between Australia and New Zealand’ But if 
there were two, or more, did one contribute to the population of New Zealand, 
and another to that of Australia’ 

Though the fauna and flora of New Zealand are obviously indebted to 
Tertiary Antarctica, yet New Zealand has not received any of the verte 
brates mentioned , there are neither monotremes, marsupi ils, Hylidae, nor 
Cystignathidae Further, the differences are positive as well as negative In 
New Zealand there is a group of earthworms, the Acanthodrilids which recur in 
South America, but not in Tasmania or Australia The fuchsias, which are 
mostly South American, have a few outliers in New Zealand, but none in Tas 
mania, the bushy Veronicas are mostly from New Zealand, but there aie a few 
in South America, and none in Tasmania 

The Antarctic constituent in the Australian flora and fauna includes both a 
fiigid and a subtropical element How was it that both these incompatible 
elements could issue from the same source ’ The answer offered is that then, as 
now, a high plateau existed in central Antarctica, wheie the frigid foims had 
their station, while the subtropical species existed on the coast While the 
climate cooled, the land link between Antarctica iud Tasmania enduied till 
the alpines in their turn followed the retreat of the subtiopical foims 
northwards 

The conclusions reached from this comparison of southern flora and fauna 
ii-e that (1) at or about the Miocene a subtropical climate prev iiled within 
the Antaictic ciicle, (2) before during, or after this waim epoch, land exten 
sioiis jutted north fiom Antarctica to New Zealand, to Pxtagonia and to Tas 
mania, (3) southern floras and faunas availed themselves of the oppmtunities 
for migration offcied by these extensions Relics of these migiations are our 
only evidence of such changes of land and climate 

Piofessor A C Seward gave a brief account, illustrated with lantern 
slides, of some of the fossil plants collected by members of Captiin Scott’s 
second expedition, with special leference to Dr Wilson’s discovery of Glossopteiis 
in latitude 85° South Fiagments of well piestrvcd leaves of indicn 

found in the rocks of Buckley Island, a nunatak on the Beardmore glacier, 
affoid impoitant evidence both as to the age of the Beacon Sandstone foimatiofn 
ind as to a former connection between Antarctica and Gondwana Land The 
geological distribution of Glossopteris in other parts of the woild suggests that 
the strata of the Buckley Nunatak must be assigned to the Permo Carboni 
ferous period In addition to Glossopteris, the Polar party found fragments of 
gymnospermous wood and impure beds of coal Mr Priestley, a member of 
Commander Campbell’s party, obtained a large piece of petrified wood from a 
sandstone boulder on the Priestley glacier in latitude 74° S , which on investi 
gation proved to be a gymnospermous stem of considerable botanical interest, 
the wood shows well marked rings of growth and exhibits Araucarian charac 
teristics, but in view of the possession of certain peculiar features it has been 
described under a new generic name as Antarrticoxylon Pne^thyi This stem, 
though particularly interesting from a botanical point of view and as demon 
strating the occurrence of well grown trees on the Antarctic continent, does not 
affoid any conclusive evidence of geological age Associated with the partially 
decayed tissues of Antarcticoxvlon was found a winged pollen grain, described 
as Pityosporites sp , which bears a striking resemblance to the pollen of recent 
Abietmese 

In conclusion, reference was made to the bearing of these important dis 
coveries on climatic considerations, and it was pointed out that, while there is 
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clear evidence of a considerable change in climatic conditions since the period 
when Glossopteris flourished on the Antarctic continent, there is no adequate 
reason to assume any change in the position of the earth’s axis Meagre as it 
IS, the material collected by the Polar party calls up a picture of an Antarctic 
land on which it is reasonable to believe were evolved the elements of a new 
flora that spread in diverging lines over a PalcBozoic continent, the diS'juncta 
membra of which have long been added to other land masses, where are preserved 
both the relics of the southern flora and of that which had its birth in the north 
The President (Prof W Bateson) then declared the discussion closed 


4 Heredity of some Emotional Traits 
By Professor 0 B Davenport 

While sociologists, who lay great stress on the importance of conditions in 
determining human traits, have been forced to admit the hereditary basis of 
feeble mindedness, they still hold, foi the most part, to the view that in the 
moral field heredity plays little part Both to test this view and because 
of the theoretical importance of the subject, the topic of mheiitance of the 
traits of persons of the criminalistic type was undei taken 

The base of the study is the family history of 165 wayward girls in State 
institutions of the United States The family histones were secured by 
speciilly trained * field workers,* operating in conjunction with Stite Institu 
tions ind the Eugenics Record Ofhce In addition, for the study of special 
topics a mass of othei family histones, some 2,500 in numbei, \v is drawn upon 
fieely 

As a general result of these studies about twenty traits were considered in 
some detail Many did not yield any clear cut lesults, but in at least fi\e 
cises the hereditary factor was clear and evidently detei mined the behaviour 

1 The tendency to tantiums — or violent outbursts of temper — in adults is 
inherited as a dominvnt trait, that is, it does not skip geneiations In sevei il 
scoios of histones it was possible to trace the tendency back three, foiu, and 
e\eii fi\e geneiations 

2 Violent eroticism, oi stiiking lick of self contiol in the sex sphere, is 
also a positive chaiactei, and likewise is ti iced bick without breaking genei i 
tions, and hilf of the offspring of a highlv erotic peison show similai iiiesistibh 
impulses 

^ Impulsions to suicide are accompanied by depiessions In harmony with 
what has been shown foi some types ot mam i depiession insanitv, it appears 
that this depiession is inherited as a lecessive oi negitiie ehiiactei It 
oidinarily skips generations, but the tendency is oidiniril) found on both sides 
ot the parent ige of the affected individual 

4, 5 Two othei tiaits appear, remaikably enough, as sex linked charicteis 
They are transmitted thiough motheis to some oi all of then sons Thev 
ippeai 111 diughters, typically, onlv when shown by the father, and the tendency 
IS earned also by the mother If both parents show the trait all children hive 
the tendency to develop, in due time, the tiait These triits are dipsomania 
ind certain othei types of iriesistible impulsions to drink, and nomadism, oi 
the impulsion to wander 


5 The Hormone Theory of the Heredity of Somatic Modifications 
By Di J T CuNMVGiTVM, M 1 

Darwin’s theory of the origin of species was founded on the assumption that 
species were divided by differences of adaptation It maj be true that allied 
species sometimes differ slightly m their mode of life, and show differences 
of structure corresponding to these differences of action , but in\ estigation has 
entirely failed to prove any utility or bionomical significance for many specific 
and other diagnostic characters, and the assumption that such characters are 
due to correlation with adaptive characters is without foundation 

Mendelism in itself throws no direct light on the origin of characters, it 
deals meiely with their tiansmission It is inferred, however, by the 
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Mendelians that characters transmitted as units must have arisen as units, and 
it IS certain that Mendelism has shown how loss of characters and new com 
bmations produce new varieties or types It is reasonable to conclude from 
present knowledge that non useful diagnostic characters have arisen as the 
result of gametogenesis and conjugation, but the principles of Mendelism or 
mutation are not applicable to the phenomena of adaptation 

In the fii st place when we see, as in the frog, the flat fish, or the caterpillar, 
adaptation to two quite different sets of conditions in the individual life, it is 
impossible to believe that such transfoimation was due to mutations not caused 
by the external conditions There is no evidence that the necessaiy gradual 
changes could occur unless the conditions produced them if so, why have they 
not occurred jn othei cases when the conditions were aT>sent 

In the second place we ha\e the phenomena of secondary sexual characters, 
of which one of the most impiessive and most fully investigated is that of the 
antlers of stags The Mendelian merely legaids such characters as mutations 
which are coupled with primary sex But primary sex is determined at 
fertilisation, and such secondaiy sex characters have been shown to be dependent 
on the presence and function of the gonads Characters which are determined 
in the gametes are not generally affected by computations of gonads at any 
part of the body in after life It has been shown that the effects of castration 
on the development of secondary sexual characteis are due to the stimulus of 
chemical substances produced bv the gonads, especiilly in then functional 
activity 

No hypothesis explains the&e facts except the Lamaickian, namely, that the 
stimuli involved in the use of the organ originally produced them by causing 
hypertrophy in the part of the soma affected, and that in couise of generation 
the tendency to this hvpertrophy was transmitted to the gametes The hormone 
theory explains how such transmission may be effected *1 he hypertrophied part 
gives off chemical substances oi hormoties which ciiculate through the body, 
and acting on the gametes stimulate those paits of them which are destined to 
develoD the same paits in the next generation I he transmitted effect may be 
infinitesimal at fiist, but if continued for many gcneritions would account for 
the phenomena we now obseive 

This, of course, would account for the trinsmission of all somatic modifica 
tions due to external stimuli, and a special application of the theory is needed 
to explain the peculiarities of functional secondary sexual characters 

In the first place the stimuli in these cases have acted only on individuals of 
one sex, on the males in stags, on the females in the case of the mammary 
glands On any other theory a vanition occurring in one sex would be inherited 
by both sexes unless it was coupled with primary sex, and then it would be 
wanting in the other sex But antlers aie not wanting in females nor mammary 
glands in males they are only not developed On the hormone theory the 
somatic modifications were pioduced at the time when the gonads were giving 
off their hormones, and thus the tendency which is inherited is to develop these 
modifications in the presence of those hormones and not otherwise Then we 
can understand why the organs develop only at puberty, and often only develop 
during the period of sexual activity, being shed oi absoibed at the end of that 
period and re developed 

6 Some Facts regarding the Avatoimj of the Genus Pegasus 
By Professor ITfctor F E Junglrsen 

The facts, briefly condensed in the following abstract, have — for the greater 
part — ^hitherto been overlooked or unknown 

Cranial Skeleton — Opisthotics, alisphenoids, orbitosphenoids, and basi 
sphenoid absent , no eye muscle canal Posttemporal (suprascapular) forms part 
of the skull Three stout infraorbitals, the middle and posterior firmly con 
nected with the pieopercle Opercular apparatus complete The large flat 
preopercle, covering most of the lower face of the head, has generally been 
taken as * homologous to operculum, praeoperculum, and suboperculum * 
(Gunther), while the very small opercle and subopercle, hidden in thick skin, 
have completely escaped attention Intel operculum slendei, widely separated 
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from subopercle, only its anterior end visible from without The prominent 
rostrum (much shortened in females of P draconia and P volana) is formed by 
the coalesced nasals Pteiygo palatine bai very shoitened, consisfing of the 
palatine and only one pterygoid (ento and metapterygoid wanting) ^ completely 
separated from hyomandibular suspensorium and connected with anterior end 
of vomei , together with premaxilla and maxilla lodged in a precranial cavity 
below the base of the rostrum Jietween premaxilla and maxilla is interpolated 
a large separate bone, coriesponding to a small cartilaginous disc or meniscus 
found m other fishes hiont pait of mixilla foiming a large process projecting 
over premaxilla into anterior part of the subrostral chamber Mandibular 
suspensoiium consisting only of liyomandibul ii , svmplectic and quadrate — 
Bianchiostegals 5, well developed (hitheito only one observed and described as 
ludimentary) Basibranchials 2, lower and upper phar>ngeals with conic il 
teeth Hypobranchials I III present, eprbranchial IV very long and stout, 
widely separated from its ceiatobranchial Phar^ngobranchials II and III 
fused into a well developed dentifeious plate . pharyngobranchials I and IV 
absent 

ClaviLuhir ardt consisting only ot post temporal and clavicle, part of the 
litter enters the dermal skeleton of the trunk Scapular arch and pectoral fin 
almost horizontal, their inner faces looking upwards Foramen siapulare 
bounded by both scapula and coracoid, the latter with processes fastened to the 
ventral carapace Articular face foi pectoral lays fixed across a slit in the 
carapace and made up of part of the scapula and three stout basals 

Pectoral rays unbranched, but fundamentally like soft lays, they are jointed 
distally, stiff basally, and composed of two longitudinal parts, but owing to the 
hoiizontal position of the fin the otherwise lateral constituents in Pegaaua are 
upper and lower, and instead of being equal halves, the upper is much moie 
slendei than the lower In the so called pectoral spines of P draconia and P 
‘lolans the upper constituent is ilmost thread likt, imbedded in a furrow along 
the lower one, which may be extremely stout (cf especially the 5th pectoral ray 
of P lolan^) , the original jointed condition is much obscuied but alwavs obser 
vable, ind the extreme apex is alwiys soft ind distinctly jointed 

i^ehib laige (to a ccitaiu dcgiee lesemblmg that of Sebasten), by means of 
short ligimenth fastened to the clavicles Fust riy ot lenttal fin a well 
developed, true spinous lay (hitheito completely overlooked), one oi two 
elongated, unbianched soft i lys and i slendei short one {Pegasus diuconiby P 
\olanb, P natans 1+2, P lamifer 1+3) — Abdominal vertebrcc 7, the anterior 
() immovably joined, devoid of ribs, provided with large spinous processes 
forming together a long jiiitition, the uppei margin of which (from vertebia 
2 to G) caiiies a modified inter neui il, probably repiesenting an aborted hist 
dorsal fin 7th vertebra movabk, piovided like the 8th (the first caudal) vMth 
strong ribs (probably ‘ epipleuials * rather than true nbs) Number of caud d 
vertebra) P draconib 12, P xolans 13, P natans 15 ‘ Veitebrie 8 12 con 
nected with 5 dorsal and 5 anal inter spinous bones, all bisegmented, first 
and inter spinous bone considerably enlarged Last caudal vertebra terminat 
ing as a vertical plate (probably the urostyle fused with 2 hypurals), 8 caudal, 
5 anal, and 5 dorsal soft, unbranched rays 

The mam longitudinal muscles of the trunk have been modified under the 
influence of the immovable cirapace The dorsal and ventral portions aie 
separated on each side by a considerable interspace, the lateral bodv wall con 
sisting only of the dermal armour and its peritoneal lining, besides the anterior, 
part of the dorsal portion is mainly reduced to a flat thin ligament In the 
posterior part of the trunk and m the movable tail the longitudinal muscles aie 
well developed, with strong tendons inserted to the dermal skeleton as well as 
to the vertebree — GiHa four, each a double row of leaves PseudobrancJiia large, 
with 6 7 leaves — Gill rakers small, papilliform , a slit in front of lower 
pharyngeal —Air bladder absent The greater part ot the contents of the body 
cavity lodged in front of pelvis A large left and a small right lobe of the 
liver are connected by a narrow budge below the alimentaiy canal, most of the 
lobes Situated dorsally to the latter The wide aaophagus passes into the quite 
straight and simple stomachy which again without any demarcation continues 

‘ P lanctfer I have not had the opportunity to dissect 
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in the intestine^ the beginning of the latter only indicated by the entrance of the 
bile duct A gall bladder on the lower face of the right liver lobe Behind the 
entrance of the bile duct the intestine turns to the left side, after two convo 
lutions below the left liver lobe it runs transversely under the liver bridge to 
the right side, and after two narrow convolutions it reaches the middle line and 
as the colon passes over the pelvis to the anus — The kidneys are remarkably 
shoit, leachmg from the skull over only one thud of the body cavity, urinary 
ducts long, urinary vesicle large, bilobed Ovanes closed sacs behind the 
kidneys, oviducts short and wide Testes short and narrow The caudal vein 
divides into two large veins passing along the urinary ducts into the kidneys 
The aorta follows in the tiunk the light side of the vertebrae, giving of! the 
arteria coeliaca far in fiont, just behind the union of the branchial arterise 
levehentes 

The facts mentioned above clearly show the Pegasus (1) to be an 
Acanthopterygian, (2) to represent at least a ‘ suborder * of its own, distin 
guished, by several stiuctuial peculiaiities from all fishes hitherto known (see, 
for example, the quite unique precranial position of the pterygo palatine bar 
together with the premaxilla and maxilla, the connection of the latter bones by 
means of an interpolated bone, &c ) Possibly the Pegasidve (Ilypostomides) 
may be a strongly modified offshoot from the stem of the Schroparei , but no 
existing mail cheeked fish shows any closer relationship with the l^igostda, 
certainly not forms like Agonus or Asptdoph oroides 


7 Acquued Habits of Muscidce (Sheep Maggot Flics) 

By Waliee W Fboggait, F L S 

At the piesent time the most serious enemies of the land owners and 
squatteis in the greater part of pastoral Austialia are seveial species of blow 
flies Foisaking their natural food, chiefly carrion, they have acquired the 
habit of blowing any soiled or damp wool on otherwise healthy sheep 

All the flies an question, though well known indigenous species common to 
the gieatei pait of Australia, only learnt the value of soiled wool as a suitable 
place to deposit their eggs, or living maggots, within the 1 ist ten or twelve years 

Pieviously they weie known merely as ‘ blow flies ' Several kinds came into 
the house and dropped then eggs upon meat, oi at times infested open wounds , 
but otherwise they were simply scavengers Others weie found about decaying 
animal matter in the vicinity of killing yards or butchers’ shops, a few feasted 
upon rotten fruit and such like fermenting vegetable matter At the present 
time (1914) at least four species have been bred in, and identified fiom, soiled 
wool taken from sheep running in the paddocks undei exactly the same con 
ditions that have prevailed in sheep breeding in Austialia lor the last twenty 
five years 

Though this wool blowing hibit was unknown in this country until about 
twelve years ago, it is lemarkable that in Great Biitain, from a very eaily date 
in the records of sheep husbandry, two species of ‘ blue bottles ’ or * blow flies * 
have been known to do a certain amount of damage in exactly the same manner 
to the shepherd’s flocks Though cosmopolitan in its range, Luctlta sericata^ 
the common sheep fly of Great Britain, has never been recorded as having affected 
healthy sheep in any other part of the world, except in one isolated case, when it 
was accidentally introduced with sheep into Holland Prior to 1903 there may 
have been occasional cases of blown wool, under exceptional circumstances, as 
has been claimed by sheep owners, when discussmg the question of sheep 
maggot flies, but it was certainly a comparatively rare occurrence to find putrid 
blown wool About the end of 1902 the writer first obtained samples of shorn 
wool containing living maggots , and in the following season they were reported 
doing considerable damage Specimens were received for identification from 
the owneis of flocks in the north, north west, and from a large area of the 
southern plains 

At first the point of infestation was round the tail where the wool had been 
soiled with the urine, and the injury was chiefly confined to close woolled stud 
ewes Within a very short time, however, the flies found that other kinds of 
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damp wool wei© suitable^ and though the sheep with the thickest fleeces and 
wrinkled skins are the most susceptible, no class or breed of sheep is exempt in 
a bad fly year Ewes, too, were the first that suffered, but it was soon evident 
that both sexes were liable to infestation if weather conditions were favourable 
and flies abundant Wethers are blown anywhere if dirty or damp, and lambs 
after tailing and marking are often so badly blown that a certain percentage die 
despite the greatest care, while on the large holdings in Central Queensland, 
where the system of marking is more rough and ready, thousands of lambs, 
particularly wether lambs, are blown, and in some cases might be said to be 
eaten alive Rams, though they often get ‘ maggoty heads * from the after results 
of fighting, were the last to be attacked on the body wool But it is now quite 
a common thing to find a number of stud rams badly blown about the crutch, 
and the maggots swarming on the wool of the rump 

Where sheep aie not examined constantly, and get even slightly blown, the 
infested area soon spreads, as other flies, attracted by the scent, keep on blowing 
lound the evil smelling heated wool As these maggots inciease in size they work 
their way down through the fibre of the wool, and, through their presence, cause 
the wool to become a blackened putrid mass of corruption Finally the maggots 
reach the skin, where they set up an inflammation of the cuticle The broken 
skin suppurates and the detached wool is torn off, or falls off Under such 
conditions the sheep often wandeis away from the flock into the scrub, and 
dies , the more robust ones recover 

In all the first samples of blown wool, whether received fiom the sheep 
owners or taken direct from sheep in the paddocks, the writer only bred one 
species of blow fly This was the common blown and yellow blow fly (Calli'phora 
villo8a)i found both in the town and countiy, a carrion feeder ranging all over 
Australia An unusual increase in the numbers of this species was probably 
due to several causes, m the fiist instance to the enormous number of dead 
animals, particularly sheep, that had died during the great drought a few years 
before, and whic^ not woith skinning, usually remained covered with decaying 
skin and wool This was also the time when hundreds of thousands of poisoned 
iibbits weie festering all over the pastoral holdings — ideal carrion for the blow 
flies The next factor was the production of a new class of meiino sheep, to 
replace the smaller smooth bodied animals, quite a different type of larger size, 
closer wool, wiinkled skin, and heavy yoke all through the fine wool, much 
more easily soiled with urine and excreta 

With the return of the good seasons the supply of carrion vanished, but the 
blow flies remained Some had blown the dead wool, and recognised the smell 
of fouled wool, and thus Calli'phora vtllosa became a sheep maggot fly Within 
the year numbers of a second species of blow fly emerged from samples of 
infested wool which had been sent in from the country, and placed in the 
breeding jais Though the maggots were very similar, it was a very distinct 
species, CaUiphoia oceamce, easily distinguished from the first species by its 
smaller size, and the colouiation of the abdominal segments, which, instead of 
being golden, have the sides blotched with yellow, and the rest deep metallic 
blue The range and habits of both species are identical, and as they are 
frequently found togethei it is only leasonable to suppose that Calliphora 
oceamm learnt the habit of blowing wool from Calliphora iillosa 

For seveial years only these two species were found in the larval state among 
blown wool Though there wei© reports from sheep owners that a third species 
was infesting the sheep, and that a dark coloured ‘ haiiy * maggot was busy 
among the wool in the western country, it was not until late in 1909 that speci 
mens of the third blow fly, Calliphora rufifactes, was obtained direct from blown 
wool There was no mistaking this smaller metallic blue and gieen fly the 
parent of the * hairy maggot * While both the previous species produce the 
typical elongate cylindrical maggot, Calliphora rufifactes is a shorter thickened 
larva having each segment iinged with a band of fleshy filament©, which have 
given it the popular name in the bush of the * hairy maggot ’ or * hairy maggot 
fly * Though now extending its range, until very lately this fly was not found 
in the coastal districts, but was confined to the inland districts of Australia 
^fore CalUphora ritfifattes learnt the habit of blowing live wool, presumably 
through the smell of the wool mfected by the other two species, it was a carrion- 
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feeder in the ladval state Now its carrion bleeding habits have made it the 
most serious pest among all the blow flies, for at the time when the wool on the 
sheep IS too hot to breed maggots (in midsummer), and the other species are 
seldom seen, GaHtphora rufifactea is laying her eggs on dead sheep and any offal 
found round the tanks and dams, and is thus always on the increase At the 
present time (1914) this species seems to have taken the place of the two common 
house species, and to be lesponsible for the gi eater pait of the damage, all over 
the interior, caused by the sheep maggot flies 

The last species to attack oui sheep, and that only within the list two yens, 
is the introduced British sheep fly {Luctlta ^etiuita), a series that is the 
common ‘ green bottle fly ’ about the coastal country In this case we have the 
descendants of the introduced British sheep fly after having lost the peculiar 
habit of its ancestors, again acquiiing the taste fiom the habit ot allied 
Australian blo>\ flies 

8 AUiStralian Tremalodes and Cestodes a Prclwnnary Study in 
Zoogcograhy By S J Johnsion, BA , D Sc 

Practically all the groups of veitcbiate animals found living in the vaiioiis 
zoogeographical regions of the earth harbour numbers of paiasitic woims The 
entozoan fauna of one of these clisses of vertebrate host in any piiticulai 
region is constituted by a number of species which iie found to be i elated to 
others which comprise the entozoan fauna of the same class of vertebrate host 
living in some other region For instance, the entozoan fauna of miisupials in 
Australia comprises a iiumbei of Cestodes (e g , species of Linhtoivta) and a 
number of Trematodes (c g , species of Harmostonium) , and the nearest lelitivcs 
of each of these are found in certain species of Lxnstowia and liarmostomum 
that live parasitic in South Ameiican marsupials 

The Trematodes and Cestodes of Austialiaii buds find then neiiest lelatncs 
in worms living in related birds that inhibit other paits of the woild, and the 
Trematodes and Cestodes of Australiin fiogs ire most closely i elated to those of 
frogs in other regions 

The entozoan fauna of tlu host iiiimals belonging to my piiticiilii cl iss of 
vertebrate may be sepaiated into two divisions — (1) Those tint hue betn 
parasitic in these hosts for a veiy long time — practically fioin the hist ippcii 
ante of the host animals, and (2) those that represent moic leient at (luiiernents 
The members of the former division may be readily lecognised by the fait tint 
they have near relatives parasitic in othei branches of the same stock, whilst 
members of the latter division generally ha\c not The members ot eith gtmis 
(or sometimes of several closely related geneia) in the formei division, in nnny 
cases scattered all ovei the world, constitute a n itural group, and must be 
looked upon as derived from common ancestors 

These ancestors were parasites of the progenitors of the host animals in the 
very early days, when the group was much younger and much more restricted in 
its distribution than at the present time A study of the relationships md 
distribution of the parasites affords some circumstantial evidence of the pist 
movements and paths of dispersal of the host animals 

f 

9 On the Emergence of the Nymph of Anax papuensis (Bium) from 
the Egg (Cla^s Insecta, Order Odonata) By B, J TirjiYARD, 
M A , FE S 

Previous to hatching, the embryo lies with its head fitting closely under the 
pedicel or cap of the egg The eyes are large and blackish, the antennae lying 
between them and directed posteriorly The clypeus, labrum, mandibles, and 
maxillae can be clearly seen The labium appears as a large paired organ directed 
posteriorly, and reaching well down between the legs The legs lie directed 
posteriorly along the outer (ventral) surface of the embryo, except the hind tarsi, 
which are directed forwards The hind end of the abdomen is bent round the 
posterior end of the egg, the ninth and tenth segments, with the cerci, being 
directed forwards The mid gut still encloses a large cylinder of yolk The 
tracheal system can be seen, but is devoid of air 
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During the three days previous to hatching, the dorsal vessel increases its 
pulse from about thirtv to the minute to between eighty and one hundred Just 
befoie hatching, a cephalic heart appears in the posterior head region At first 
small and only pulsating intermittently, it rapidly increases in size The 
pressure thus caused forces the pedicel to break away fiom the egg, whereupon 
the nymph flows easily and quickly out of the egg shell It emerges swathed 
in ill outer skin oi sheath, which has been called by Pierre the * amniotic cover 
ing ’ This 18 shown to be a non cellular chitinous cuticle, not related to the 
amnion in 'iny way It lepiesents, in tict, the fiist moult of the larva The 
swathed stage may be termed the pro nymph 

The pro nymph stage lasts only a few seconds The cephalic heart increases 
enormously, and is seen to consist of two large chambers, an auricle and a 
veiitiicle, which pulsate regulaily at ibout thiity beats to the minute, and 
appeals to be pumping liquid, probably blood, into the head The latter swells 
quickly up to twice its original size, and thus the pio n>mphal sheath soon splits 
down the back of the head and thorax, and the young nymph emerges, freeing 
itself trom the sheath by a few convulsive struggles 

The pro nymphal sheath is seen to be made of very thin transpaient chitin, 
ind shows the complete larval form, with head, mouth paits, and legs easily 
‘<oen It ends posteriorly in i sharp spine, which catches in the broken end of 
the egg, and so foinis an anchor during the emergence of the nymph 

The cephalic heart quickly subsides in the free nymph Meanwhile, a smallei 
))ulsating chambei has appeared between the lectal valves While the cephalic 
heart is foicing the blood into the head, this rectal pulsating oigan appears to be 
pumping watei into the rectum As soon as the nymph is free, its pulsations 
in^ lease to about eighty per minute, and water ib violently forced into the 
uctum, so that the whole beautiful branchial basket is quickly distended and 
biought into view Meanwhile, the tracheil system, which, at the time of 
hitching, only cont lined an anterioily to the niid gut, is seen to be steadily filling 
with air The iii tiavels slowly down the dorsal tricheal tiunks and gradually 
fills the iiumeious blanches, finally enteiing all the tiny tracheoles of the lectal 
gills \fterwaids, rectil bieathiiig pioceeds rcgulail} 

The young nymph is tiansparent except for the eyes and the dark plug of 
the mid gut It has two shaipl^ pointed ceici, but the siqieiioi appendage is 
only ludimentny In i few houis the nymph d likens all o\ei to dull green or 
blickish It IS suggested that the luptuie iiid atiophy of the aninioii described 
by Biandt in the enibiyology of Odonata is duo to the foimatioii of the pro 
iivmphil shcitli oi cuticle, which foiins a close htting and fai inoie effecti\e 
piotictioii foi the embi^o besides allowing foi the caily beginning ot the pioccss 
of eYcietion thiough the foiniition of i chitinous exoskeleton 
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Seciion E — GEOGEAPHY 

PRLsiDLNr 01? THE Seciion — SiB Oharels P Luc\s, KOB , 

KOMG 


The President delivered the following Address dt Adelaide on Wednesday, 
August 12 — 

Man ub a Geographical Agency 

In an inaugui il address to the Royal Scottish Geographical Society on Geogiapliy 
and Statecraft Lord Milner said * If I have no right to call myself a 
geographer, I am at least a firm believer in the value of geographical studies * 
I wish to echo these words I have no expert geographical knowledge, and am 
wholly unversed in science, but I am emboldened to try and say a few words 
because of my profound belief m the value of geographical studies I believe m 
their value partly on general grounds, and largely because a study of the British 
Empire leads an Englishman, whether born in England or in Australia, to the 
inevitable conclusion that stateciaft in the past would have been better, if there 
had been more accurate knowledge of geography This statement might be 
illustrated by vai lous anecdotes, some true, not a few apocryphal , but anecdotes 
do not lend themselves to the advancement of science I am encouraged, too, 
to speak because the field of geography is more open to the man in the street 
than are the sciences more strictly so called It is a qraphy^ not a logy 
Geology is the science of the eaith Gcogiaphy is a de«»cription of the face of 
the earth and of what is on or under it, a series of pictures with appropriate 
letterpress and with more or less appiopriate morals to adorn the tale 

Taking the eaith as it is, geographical discovery has well nigh reached its 
limit The truth, in the words of Addison’s hymn, is now ‘spread from Pole 
to Pole,’ and recent exploration at the South Pole, with its tale of heroism, will 
have specially appealed to the citizens of this Southern land, leminding us all 
that the age of chivalry is not yet past The city of Adelaide is rich in the 
record of exploieis, and to the list is now added the name of Sir Douglas 
Mawson It is not for me to attempt to take measure of his great cnterpiise, 
but the scientific results of his work, including the carrying of wireless tele 
graphy into the Antarctic Continent, illustrate my thesis that man is a 
geographical agency Members of the British Association will note with 
pleasure that he derived backing and inspiration from the Australasian Asbo 
ciation for the Advancement of Science Outside the polar legions coasts are m 
most cases accurately known The age of Cook and Flinders is past Interiors 
are ifiore or less known In Afiica there is no more room for Livmgstones, 
Spekes, Burtons, Stanleys In Australia Sir John Forrest is an honoured survival 
of the exploring age — ^the age of McDouall Stuart and other heroes of Austra 
lian discovery The old map makers, in Swift’s well known lines, * o’er unhabit 
able downs placed elephants for want of towns ’ Towns have now taken the 
place of elephants and of kangaroos Much, no doubt, still remains to be done 
The known will be made far better known , maps will be rectified , many great 
inland tracts in Australia and elsewhere will be, as they are now being, 
scientifically surveyed , corners of the earth only penetrated now will be swept 
and garnished But as we stand to day, broadly speaking, there are few more 
lands and seas to conquer Discovery pure and simple is passing away 
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Bat meanwhile theie is ane side of geography which is coming more and 
more to the front, bringing it more than ever withm the scope of the British 
Association for the Advancement of Science ' Man is the ultimate term m the 
geographical problem,’ said Dr Scott Keltie some years since at the meeting at 
Toronto * Geogiaphy is a description of the earth as it is, in relation to man,’ 
said Sir Clements Markham, long President of the Boyal Geographical Society 
Geography, I venture to think, is becoming more and more a description of the 
earth as it is and as it will be under the working hand of man It is becoming 
intensive rather than extensive Geographers have to record, and will more 
and more have to record, how far man has changed and is changing the face of 
the eaith, to try to predict how tar he will change it m the coming centuries 
The face of the earth has been unveiled by man Will the earth save her face 
in the years before us, and, if she saves her face, will it be taken at face value ^ 
How far, for instance, will lines of latitude and longitude continue to have any 
practical meaning ^ 

Man includes the ordinaiy man, the settler, the agriculturist, man includes, 
too, the extraoidinary — ^the scientific man, the inventor, the engineer *Man,’ 
says a writer on the subject, *is truly a geogiaphical agency,’ and I ask you to 
take account of this agency for a few minutes I do so more especially because 
one of the chief features of the present day is the rise of the South, and the 
use of the South — notably of Australia — is the direct result of human agency, 
on the one hand transforming the surface of the land, on the other eliminating 
distance The old name of Australia, as we all know, was New Holland The 
name was well chosen in view of latei history, for while no two parts of the 
world could be more unlike one anothei than the little corner of Europe known 
as Holland, or the Netherlands, and the gieat Southern Continent, in the one 
and in the other man has been pre eminently a geographical agency 

The writer who used this phrase, * Man is a geographical agency,’ the 
American writer. Mi G P Maish, published lus book, ‘ Man and Nature ’ in 
1864, and a new edition, entitled * The Earth as Modified by Human Action,’ in 
1874 He was mainly concerned witli the destiuctiveness of man in the 
geographical and climatic changes which he has effected * Every plant, every 
animal,’ he wiites, ' is a igeogi aphical agency, man a destructive, vegetables, 
and in some cases even wild beasts, restoiative powers ’, and again ‘ It is in 
geneial true that the inteivention of man has hitherto seemed to ensure the final 
exhaustion, luin, and desoHtion of every piovince of Nature which he has 
1 educed to his dominion ’ The more civilised man has become, he tells us, the 
more he has destroyed * Purely untutored humanity intei feres comparatively 
little with the arrangements of Nature, and the destructive agency of man 
becomes more and more encigetic and unspiring as he advances in civilisation ’ 
In shoit, in his opinion, ‘ bettei fifty yeais of Cathay than a cycle of Europe ’ 

He took this gloomv view mainly on account of the mischief done by 
cutting down forests Man has wi ought this destruction not only with his own 
hand, but through domesticated animals more dcstiuctive than wild beasts, 
sheep, goats homed cattle, stunting or killing the young shoots of trees Writ 
ing of Tunisia, Mr Pei kins, the late able Principal of Roseworthy College, says 
* In so far as young trees and shrubs are concerned, the passage of a flock of 
goats will do quite as much d image as a bush fire ’ Mr Marsh seems to have 
met a fool in the foiest, and it was man, and he found him to be more knav^ 
than fool, for man has been, in Mr Marsh’s view, the revolutionary Radical 
confiscating Nature’s vested interests ‘ Man,’ he says, * has too long forgotten 
that the eaith was given to him foi usufruct alone, not for consumption, still 
less for profligate waste ’ Trees, to his mind, are Conservatives of the best kind 
They stand in the way, it is true, but they stop excesses, they moderate the 
climate, they give shelter against the wind, they store the water, prevent inun 
dations, preserve and enrich the soil ‘The clearing of the woods,* he says, ‘has 
in some cases produced within two or three generations effects as blastmg as 
those geneially ascribed to geological convulsions, and has laid waste the face 
of the earth more hopelessly than if it had been buried by a current of lava 
or a shower of volcanic sand ’, and, once more, where forests have been 
destroyed, he says, ‘The face of the eaith is no longer a sponge but a dust 
heap * 

The damage done by cutting down trees, and thereby lettmg loose torrents 
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which wash away the soil, is or was very marked in the South of France, in 
Dauphine, Provence, and the French Alps With the felling of trees and the 
pasturing of sheep on the upper edge of the forest — for sheep break the soil and 
expose the roots — the higher ground has been laid bare Rainstorms have in 
consequence swept off the soil, and the floods have devastated the valleys 
The mountain sides have become deseits, and the valleys have been turned into 
swamps ‘When they destroyed the forest,* wrote the great biench geographei, 
Reclus, about thirtv years ago, ‘they also destroyed the very ground on which 
it stood * , and then he continues ‘ The devastating action of the streams m the 
French Alps is a very curious phenomenon m the historical point of view, for it 
explains why so many of the distiicts of Syria, Greece, Asia Minoi, Atiica, and 
Spain have been foisaken by their inhabitants The men have disappeaied 
along with the trees, the axe of the woodman, no less than the sword of the 
conqueror, have put an end to, oi tianspluited entire populations ’ In the 
latter part of the South Afiican wai Sii William Willcocks, skilled in iiiigation 
in Egypt, and subsequently reclaiming Mesopotamia, was bi ought to South Atiica 
to report upon the possibilities of irrigation there, and in his leport dated Novem 
bei 190f he wrote as follows ‘ Seeing in Basutoland the effect of about thiity 
years of cultivation and more or less intense habit ition convinced me of the 
fact that another countiy with steep slopes and thin depth of soil, like Pales 
tine, has been almost completely denuded by hundreds of yeais of cultivation 
and intense habits The Palestine which Joshua conquered and which the 
children of Israel inhabited was in all piobability covered ovei great pait of 
its area by sufficient earth to provide food foi a population a hundred times as 
dense as that which can be supported to day The Scotch geologist, Hugh 
Miller, again, attributed the foimation of the Scotch mosses to the cutting down 
of timber by Roman soldieis ‘What had been an over turned foiest became 
in the course of ycais a deep morass * 

In past times there have been voices raised in f ivour of the foicstb, but the> 
have been voices crying in the desert which man has made Here is one The 
old chronicler Holinshed, who lived in the reign of Queen Elizabeth, noted the 
amount of timber cut down for house building and m ordei to inciease the arei 
lor pasturage ‘ Every small occasion in my time,’ he writes, ‘ is enough to cut 
down a gieat wood*, and in anothei passage either he himself oi one of his 
ccjllaboiators writes that he would wish to live to see four things refoimed in 
England ‘The want of discipline in tlie Chuich, the covetous deiling of most 
of our merchants in the preferment of commodities of othci countiies and 
hindrance of then own, the holding of fairs and maikets upon the Sunday to 
be abolished and referred to the Wednesdays, and that every man in whatevei 
part of the champaine soil enjoyeth forty acres of land and upwaids nfter that 
late, either by free deed, copyhold oi fee farm, might plant one acie of wood oi 
sow the same with oke mast, hazell, beaih, and sufficient provision be nude tint 
it be cherished and kept * 

Mr Maish seems to have thought that the Old Woild, and especially the 
countries which formed the old Roman Empire, had been mined almost pist 
redemption, and for the beneficent action of man on N iture he looked across the 
seas ‘Australia and New Zealand,’ he writes, ‘are perhaps the countries from 
which we have a right to expect the fullest elucidation of these difficult and 
disputable problems Here exist greater facilities and stionger motives for the 
careful study of the topics in question than hive ever been found combined in 
any other theatre ot European colonisation * 

His book was first written half a century ago He was a pessimist evidently, 
and pessimists exaggerate even more than optimists, foi there is nothing more 
exhilarating and consoling to ourselves than to predict the worst possible con 
sequences from our neighbours* folly b urther, though it may be true that man 
became more destructive as he became more civilised, it is also true that the 
destruction has been wrought directly rather by the unscientific than by the 
scientific man If we have not grown less destructive since, at any rate we have 
shown signs of penitence, and science has come to our aid in the work of 
reparation Governments and associations have turned their attention to protect 
ing woodland and reafforesting tracts which have been laid bare The Touring 
Club of France, for instance, I am told, have taken up the question of the damage 
done by destruction of trees by men and sheep in Haute Savoie, and they assist 
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reclamation by guidance and by grants In England, under the auspices of 
BirmiMham TJniversity and under the Presidency of Sir Oliver Lodge, the Mid 
lands Reafforestation Association is planting the pit mounds and ash quarries 
of the Black Country with trees which wifl resist smoke and bad air, alders, 
willows, poplars, carrying out their work, a report says, under a combina 
tion of difficulties not to be found in any other country Artificial lakes and 
leservoirs again, such as I shall refer to presently, are being made woodland 
centres In most civilised countries nowadays living creatures are to some 
extent protected, tree planting is encouraged by Arbor days, and reserves are 
formed for forests, for beasts and birds, the survivors of the wild fauna of the 
earth Some lands, such as Greece, as I gather from Mr Perkins* report, are 
still being denudeci of trees, but as a general rule the human conscience is 
becoming more and more alive to the immoiality and the impolicy of wasting the 
surface of the earth and what lives upon it, and is even beginning to take stock 
as to whether the minerals beneath the suiface are inexhaustible Therefore I 
ask you now to consider man as the loid of cieation in the nobler sense of the 
phrase as transfoiming geography, but more as a creative than as a destructive 
agency 

How far has the agency of man alteied, how fai is it likely to alter, 
the surface of the earth, the divisions and boundaries assigned by Nature, the 
climate, and the production of the different parts of the globe, and, furthei 
how far, when not actually transforming Nature, is human agency giving Nature 
the go by ’ It should be borne in mind that science has effected, and is effect 
ing transformation, partly by applying to old processes far more powerful 
machinery, pirtlv by introducing new processes altogether, and that, as each 
new force is brought to light, lands and peoples are to a greater or less extent 
transformed The world was laid out afresh by coal and steam A new 
readjustment is taking place with the development of water power and oil 
power Lands with no coal, but with fine water power or access to oil, are 
asserting themselves Oil fuel is prolonging continuous voyages and making 
coaling stations superfluous But of necessity it is the earth herself who gues 
the machinery for altering her own surface The application of the mithiner^ 
IS contributed by the wit of man 

The surface of the exrth consists of land and water How far has human 
agency converted water into land or land into water, and how far, without 
actually transforming land into water and water into land, is it for piactic il 
human purposes altering the meaning of land and water as the great 
geographical divisions’ A writer on the Fens of South Lincolnshire has told 
us * The Romans, not content with appiopriating land all over the world, 
added to their teiritory at home by draining lakes and reclaiming marshes ’* 
We can instance another great race which, while appropriating land all o\er the 
world, has added to it by reclaiming land from water, fresh oi salt The 
traveller from Great Britain to the most distant of the great British possessions, 
New Zealand, will find on landing at Wellington a fine street, Lambton Quay, 
the foreshore of the old beach, seaward of which now rise many of the city’s 
finest buildings on land reclaimed fiom the sea, and instances of the kind might 
be indefinitely multiplied Now the amount of land taken from water by man 
has been taken more from fiesh water than from sea, and, taken in all, the 
amount is infinitesimal as compared with the total area of land and water, but 
it has been very considerable in certain small areas of the earth’s surface, and 
from these small areas have come races of men who have profoundly modified 
the geography and history of the world This may be illustrated from the 
Netherlands and from Great Britain 

Motley, at the beginning of ‘The Dutch Republic,* wiites of the Nether 
lands * A region, outcast of ocean and earth, wrested at last from both domain® 
their richest treasures * Napoleon was credited with saying that the Nether 
lands were a deposit of the Rhine, and the rightful property of him who con 
trolled the sources , and an old writer pronounced that Holland was the gift of 
the ocean and of the rivers Rhine and Meuse, as Egypt is of the river Nile 

The crowning vision of Goethe *s Faust is that of a free people on a free soil, 

won from the sea and kept for human habitation hy the daily effort of man 

Such has been the story of the Netherlands The Netherlands, as a home for 

civilised men, were, and are, the result of reclamation, of dykes and polders 
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The kingdom has a constantly changing area of between 12,000 and 13,000 
square miles Mr Marsh, in his bo(%, set down the total amount gained to 
agriculture at the time he wrote ‘ by dyking out the sea and by draining shallow 
bays and lakes * at some 1,370 square miles, which, he says, was one tenth of the 
kingdom , at the same time, he estimated that much more had been lost to the sea 
— something like 2,600 square miles He writes that there were no important sea 
dykes before the thirteenth century, and that draining inland lakes did not 
begin till the fifteenth, when windmills came into use for pumping In the 
nineteenth century steam pumps took the place of windmills, science strengthen 
mg an already existing process Between 1815 and 1865, 172 square miles were 
reclaimed, and this included the Lake of Haailem, some thirteen miles long 
by SIX in breadth, with an area of about seventy three square miles This was 
reclaimed between 1840 and 1853 At the present time, we are told, about 
forty square miles are being reclaimed annually m Holland , and meanwhile 
the Dutch Government have m contemplation or in hand a great scheme for 
draining the Zuyder Zee, which amounts to recovering from the ocean land 
which was taken by it in histone times at the end of the fourteenth century 
The scheme is to be carried out in thirty three years and is to cost nearly sixteen 
million pounds The reclamation is to be effected by an embankment across the 
mouth of this inland sea over eighteen miles long The result will be to add 815 
square miles of land to the kingdom of the Netherlands, 750 squaie miles of 
which will be fertile land, and in addition to create a much needed freshwater 
lake with an area of 557 square miles , this lake is to be fed by one of the mouths 
of the Rhine 

London is partly built on marsh The part of London where I live, Pimlico, 
was largely built on piles A little way noith, in the centre of fashion, is 
Belgrave Squaie, and here a lady whom I used to know had heard her grand 
father say that he had shot snipe Take the City of London in the stiict 
and narrow sense The names of Moorfields and hensbury or Finsbiuy aie 
familiar to those who know the City Stow, in his Suivey of London, ovci 
three hundred years ago, wrote of * The Moorfield which lieth without the 
postern called Moorgate This field of old time was called the Moor This 
fen 01 moor field, stretching from the wall of the city betwixt Bishopsgate and 
the postern called Cripplegate to Fensbury and to Holywell continued a waste 
md unprofitable ground a long time ’ By 1527, he tells us, it was drained ‘ into 
the course of Walbrook, and so into the Thames, and by these degrees wxs 
this fen or moor at length made main and hard gioiind which before, being 
overgrown with flags, sedges and rushes, served to no use ’ It is said thit this 
fen or marsh had come into being since Roman times The reclamation which 
has been carried out in the case of London is typical of what has been done in 
numerous other cases As man has become moie civilised, he has come down 
from his earlier home in the uplands, has drained the valley swimps, and on 
the firm land thus created his planted the streets and houses of great cities 

The Romans had a hand in the draining of Romney Marsh in Sussex, and 
here Nature co operated with man, just as she has co operated in the deltas ot 
the great rivers, for the present state of the old Cinque Ports, Rye and 
Wmchelsea, shows how much on this section of the English coast the sea has 
receded But the lirgest reclamation was in East Anglia, where the names of 
the Fens and the Isle of Ely testify to what the surface once w^as ‘ For some 
of our fens,* writes Holinshed, ‘are well known to be either of ten, twelve, 
sixteen, twenty or thirty miles in length Wherein also Elie, the famous 

isle, standeth, which is seven miles every way, and whereunto there is no access 
but by thiee causies * Arthur Young, in 1799, m his ‘ General View of the 
Agriculture of the County of Lincoln,* a copy of which he dedicated to that 
great friend of Australia, Sir Joseph Banks, who was a Lincolnshire landowner 
and a keen supporter of reclamation, wrote of the draining which had been 
carried out in Lincolnshire ‘ The quantity of land thus added to the kingdom 
has been great, fens of water, mud, wild fowl, frogs and agues have been 
converted to rich pasture and arable worth from 20s to 40s an acre 
without going back to very remote periods, there cannot have been less than 

160.000 acres drained and improved on an average from 6s an acre to 25s * 

150.000 acres is about 234 square miles, but the amount reclaimed by draining 
m Lincolnshire in the seventeenth, eighteenth and nineteenth centuries seems 
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to have been well over 500 square miles The Fenlands as a whole extended 
into SIX counties They were seventy miles in length, from ten to thirty miles 
broad, and covered an area of from 800 to 1,000 square miles One estimate 
I have seen is as high as 1,200 square miles Mr Prothero, in his book on 
‘ English Farming, Past and Present,* tells us that they were ‘ in the seventeenth 
century a wilderness ot bogs, pools and reed shoals — a vast morass from which 
hero and there emerged a few islands of solid eaith ’ In the seventeenth cen 
tury a Dutch engineer, Vermuyden, was called in to advise, and the result of 
draining what was called after the peer who contracted for it the Bedfoid 
Level, together with subsequent reclamations, was to convert into ploughland 
and pasture large tracts which, in the words of an old writer, Dugdale, had 
been ‘a vast and deep fen, affording little benefit to the realm other than fish 
or fowl, with overmuch harbour to a rude and almost barbarous sort of lazy 
and beggarly people ’ In Lincolnshire there was a district called Holland, and 
in Norfolk one called Marshland, said to have been drained by, to quote Dugdale 
again, ‘those active and industrious people, the Romans * 

The Dutch and the English, who thus added to their home lands by re 
clamation, went far and wide through the world, changing its face as they 
went The Dutch, where they planted themselves, planted trees also , and when 
they came to land like their own Netherlands, again they reclaimed and em 
polaered The foreshore of British Guiana, with its canals and sea defences, 
dating from Dutch times, is now the chief sugar producing area in the British 
West Indies If again in Australia man hns been a geographical agency, he 
learnt his trade when he \^a& chinging the face of his old home in the British 
Isles 

Instances of reclaiming land from water might be indefinitely multiplied 
We might compare the woik done by different nations In Norway, for 
instance, Reclus wrote that ‘ the agricultuiists are now reclaiming every year forty 
squaie miles of the marshes and fiords * Miss Semple, who, in the ‘ Influences 
of Geogr iphio Environment,’ writes that ‘ between the Elbe and Scheldt ’ (that 
IS, including with the Netherlands some of Noith Germany) ‘ more than 2,0(X) 
square miles have been leclaimed fiom river and sea in the past 300 yeirs,’ 
tells us also that ‘ the most gigantic dyke system in the world is that of the 
Hoangho, by vhuh a teiiitory of the size of England is won from the watei 
for cultivation ’ Oi we might take the different objects which have impelled 
men here and there to dry up water and bank out sea Agriculture has not 
been the only object, nor yet leclaiming for town sites Thus, m order to 
woik the hematite iron mines at Hodbarrow, in Cumberland, an area of 170 
icies was, in the years 1900 04, leclaimed fiom the sea by a birriei over II mile 
long, designed by the gieat firm of muine engineers, Coode and Mattliews, 
who built the Colombo breakwatei The reclaimed land, owing to the subsi 
deuce caused by the workings, is now much below the level of the sea Heie is 
in instance of reclamation not adding to agricultural or pastoral aiea but 
giving mineral wealth, theieby attracting population and enriching a distiict 

How far has land been drowned by the agency of man’ Again the totil 
iiea IS a negligible quantity, but again, relatively to small areas, it his been 
tppreciable, and the indirect effects have been great God made the country, 
man mide the town, and the town is trying to unmake or to remike the 
country The necessities of town life are responsible for new lakes and rivers 
Such are the great reservoirs and aqueducts bv which water is being brought 
to New Yoik from the Catskill Mountains, one of the reservoirs being twelve 
miles long with a water suifice of nearly thirteen square miles The whole 
work has been described by a writer in the Times as ‘hardly seeond in 
magnitude and importance to the Panama Canal ’ In Gieat Britain cities 
in search of a water supply have ordered houses, churches, fields to be 
drowned, and small lakes to come into existence Liverpool created Lake Vyrnwy 
in Montgomeryshire, with a length of nearly five miles and an area of 1,121 acres 
Birmingham is the parent of similar lakes in a wild Radnorshire valley near 
my old home The water is not carried for anything like the distance from 
Mundaring to Kalgoorlie, and on a much greater scale than these little lakes 
in Wales is the reservoir now being formed in New South Wales by the 
Burrinjuck dam, on the Murrumbidgee River, which, as I read, is, or will be, 
forty one miles long, and cover an area of twenty square miles If I under^ 
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stand right, in this case, by constructing a giant dam over 200 feet high 
across a gorge through which the river flows, a long narrow lake has 
been or is being called into existence A still largei volume of water is 
gathered by the great Assouan dam, which holds up the Nile at the head of 
the First Cataiact, washing, and at times submerging, the old temples on the 
Island of Philae in mid stream First completed m 1902, the dam was enlarged 
and heightened by 1912, and the result of the dam is at the time of high 
Nile to create a lake of some 65 square miles in area, as well as to fill up the 
channel of the river for many miles up stream Illustrations of artificial lakes 
might be multiplied from irrigation works in India An official report on the 
State of Hyderabad, written some years ago, has the following reference to the 
tanks m the granitic country of that State ‘ There are no natuial lakes, but from 
the earliest times advantage has been taken of the undulating character of the 
country to dam up some low ground or gorge between two hills, o/bove which the 
drainage of a large area is collected Such artificaal reseivoirs aie peculiar to the 
granitic country, and wheicver groups of granite hills occur tanks are sure to be 
found associated with them * Take again the great ship cinals The vSuer Canal 
runs for 100 miles from sea to sea though for part of its course it runs through 
water, not through sand It is constantly growing in depth and width Its 
original depth was 26i feet, it is now, for nine tenths of its length, o\ei 
36 teet, and the canal is to be further deepened generally to over 39 feet Its 
original width at the bottom was 72 feet , it is now, lor most of its course, 
over 147 feet, in other words, the width has been moie than doubled A 
writer in the Times on the wonderful Panama Canal said ‘ The locks and 
the Gatun dam have entailed a far laiger displacement of the earth’s surface 
than has ever been attempted by the hand of man in so limited a space ’ 
Outside the locks the depth is 45 feet, and the minimum bottom width 3(K) feet 
The official handbook of the Panama Canal says ‘ It is a lake canal as well as 
a lock canal, its dominating feature being Gatun Lake, a great body of watei 
covering about 164 square miles ’ The canal is only fifty miles long from open sea 
to open sea, from shore line to shore line only forty But, in making it, man, the 
geographical agency, has blocked the waters of a river, the Chagres river, by 
building up a ridge which connects the two lines of hills between which the 
liver flows, this ridge being a dam miles long, nearly half a milo wide at 
its base, and rising to 105 feet above sea level, with the result that a lake h is 
come into existence which is three quarters of the size of the Lake of Genevi 
and extends bevond the limits of the Canal zone When all the sluices are 
open, a gi eater volume of water pisses through them than comes over the Falls 
of Niagara 

Mr Marsh, in his book, referied to tar moie colossal schemes foi turning 
land into water, such as flooding the African Sahira oi cutting a cinal fiom 
the Mediteiranean to the Jordan and thus submeiging the basin of the Dead 
Sea, which is below the level of the ocean The effect of the latter scheme, ho 
estimated, would be to add from 2,000 to 1,000 squiie miles to the fluid surfue 
of Syria All that can be said is that the wild cat schemes of one (eiituiy often 
become the domesticated possibilities of the next and the iccomplished facts of 
the thud, that the more discovery of new lands passes out of sight the moie 
men’s energies and imagination will be concentrated upon developing and 
altering what is in th«r keeping, ind that, judging from the past no un 
scientific man can safely set any limit whitever to the future achievements 
of science 

But now, given that the proportion of land to water and water to 1 ind has 
not been, and assuming that it will not be, appreci ibly altered, has water, tor 
practical purposes, encroached on land, or land on water’ In many cases water 
transport has encroached on land transport The great isthmus canals are an 
obvious instance, so are the great Canadian canals The tonnage passing 
through the locks of the Siult St Mane is greater thin that which is earned 
through the Suez Canal Waterways are made where there was dry land, and 
more often existing inland waterways are converted into sea going ways 
Manchester has become a seaport through its Ship Canal The Clyde, in Mr 
Vernon Harcourt’s words, written m 1896, has been * converted from an insig 
nificant stream into a deep navigable river capable of giving access to ocean 
going vessels of large draught up to Glasgow ’ In 1758 the Clyde at low water 
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at Glasgow was only 15 inches deep, and till 1818 no seagoing vessels came 
up to Glasgow In 1896 the depth at low water was from 17 to 20 feet, and 
steamers with a maximum draught of 26^ feet could go up to Glasgow This 
was the result of dredging, deepening and widening the river, and increasing 
the tidal flow The record of the Tyne has been similar The effect of 
dredging the Tyne was that in 1895—1 quote Mr Harcourt again — ‘ Between 
Shields and Newcastle, where formerly steamers of only 3 to 4 feet draught 
used to ground for hours, there is now a depth of 20 feet throughout at the 
lowest tides * It is because engineers have artificially improved Nature’s work 
on the Clyde and the Tyne that these rivers have become homes of shipbuilding 
for the whole world Building training walls on the Seme placed Rouen, 
seventy eight miles up the river, high among the seaports of France The Elbe 
and the Rhino, the giant livers Mississippi and St Lawrence, and many othei 
riveis, (have as we all know, been wonderfully transformed by the hand of the 
engineer 

But land m turn, m this matter of transport, has encroached upon sea In 
old days, when roads weie few and bad, when there were no rail wavs, ind 
when ships were small, it was all important to bring goods by water at all 
puts as far inland as possible In England theio were numeious flomishing 
little ports in all the estuaries and up the rivers, which, under modem condi 
tions have decayed No one now thinks of Canterbury and Winchester in 
connection with seiborne traffic, but Mr Belloc, m ‘ The Old Road,* a description 
of the historical Pilgrims’ Way from Winchester to Canterbury, points out 
how these two old world cathedi il cities took their origin and deiived their 
impoitance from the fict that each of them, Canterbury in particnlai, was 
within easy reach of the coast, where a crossing from France would be made 
each on a ri>^er — in the case of Canterbury on the Stour just above the end 
of the tideway In the days when the Island of Thanet was really an island 
sepuated from the rest of Kent by an arm of the sea, and when the present 
insignificant ri\er Stoui wis, in the words of the historian T R Green ‘a wide 
and navigable estuary,* Cinterbury was a focus to which the merchandise of six 
Kentish seaports was brought, to pass on inland , it w is m effect practically a 
seaport Now merchandise except purely local traffic, comes to a few large 
ports only, and is carried direct by rail to great distant inland ccnties Reclus 
wrote that ba>s are constantly losing in compaiative importance as the inland 
ways of rapid communication increase, that, in all countiies intersected with 
1 ail ways, indentations in the coastline have become lather in obstacle than an 
advantage , and th it maritime commerce tends more and more to take for its 
starting place ports situated at the end of a peninsula He argues in shoit, 
th it traffic goes on land as fai out to sea as possible instead of being brought b> 
water as far inland as possible He clearly overstated the case, but my con 
tention is that, for human pin poses, the coast line, though the same on the map, 
has piactically been altered bv human agency By the aid of science ports have 
been brought to men as much as men to poits We see before our e^es the 
piocess going on of bridging India to Ceylon so as to carry goods and passengers 
IS fai b\ land as possible, and in Ceylon we see the gieat nitural haibour of 
Tiincomilee practically deserted and a wondciful aitificiil haiboin created at 
the centie of population, Colombo 

But let us caiiy the argument a little fuither Gieat Biitain is in island 
Unless there IS some great convulsion of Nature to all time the Stints of Dov^ei 
will separate it fiom the continent of Furope Yet we have at this moment 
a renewal of the scheme foi a Channel tunnel and at this moment men are 
flying from England to France and France to England Suppose the Channel 
tunnel to be made , suppose flying to be improved — and it is improving every 

— what will become of the islind’ Whit will become of the sea^ Thev 
will be there and will be shown on the map, but to all human intents and 
purposes the geography will be changed The sea will no longer be a barrier, 
it will no longer be the only high road from England to France There will be 
going to and fro on or m dry land, and going to and fro neither on land nor on 
sea Suppose this science of aviation to make great strides, and heavy loads 
to be carried in the air, what will become of the ports, and what will become 
of sea going peoples ^ The ports will be there, appearing as now on the map, 
but Birmingham goods will be shipped at Birmingham for foreign parts, and 
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Lithgow will export mineral direct, saying good bye to the Blue Mountains and 
even to Sydney Harbour 

Now, in saying this I may well be told by my scientific colleagues that it 
18 all very well as a pretty piece of fooling but that it is not business I say 
it as an unscientific man with a profound belief in the unbounded possibilities of 
science How long is it since it was an axiom that, as a lump of iron sinks in 
water, a ship made of iron could not possibly float’ Is it fatuous to contem 
plate that the conquest of the air, which is now beginning will make it a highway 
for commercial purposes ’ We have aeroplanes already which settle on -the 
water and rise again, we aie following on the track of the gulls which we 
wonder at in the limitless waste of ocean A century and a half ago the 
great Edmund Burke ridiculed the idea of representatives of the old North 
American colonies sitting in the Imperial Parliament, he spoke of an\ such 
scheme as fighting with Nature and conquering the order of Providence, he 
took the distance, the time which would be involved — six weeks from the 
present United States to London If anyone had told him that what is happen 
ing now' through the applied forces of science might happen, he would ha\e 
called his informant a madman Men think in vears, or at most in lifetimes , 
they ought sometimes to think in centuries I believe in Reclus’s words, * All 
man has hitherto done is a trifle in comparison with what he will be able 
to effect in future * Science is like a woman She says No again and again, 
but she means Yes in the end 

In dealing with land and water I have touched upon natural divisions and 
natural boundaries, which are one of the provinces of geogiaphv Flying gives 
the go by to all natural divisions and boundaries, even the sea , but let us come 
down to the earth Isthmuses are natural divisions between sess, the ship 
canals cut them and link the seas — the canal through the Isthmus of Corinth, 
the canal which cuts the Isthmus of Pcrekop betv\een the Crimea and the 
mainland of Russia the Baltic Canal, the Suez Canil, the Panama Canal The 
Suez Canal, it will be noted, though not '^uch a wonderful feat as the Panama 
Canal, is moie important from a geographical point of view, in that an open 
cut has been made from sea to sea without necessity for locks, which surmount 
the land barrier but more or le«s leave it standing Inland, whit are natural 
divisions’ Mountains, forests deserts, and, to some extent, rivers Take 
mountains * High, massive mountain systems,* writes Miss Pemple * present 
the most effective barriers which man meets on the land surface of the earth * 
But are the Rocky Mountains, for instance, boundaries, dividing lines, to 
anything like the extent that they were now that railwavs go through and o\er 
them, carrying hundreds of human beings back and fore day by dav’ On 
what terms did British Columbia loin the Dominion of Cinada’ That the 
natural barrier between them should be pierced by the railway Take the 
Alps The canton Ticino, running down to l^ake Maggiore, is politically in 
Switzerland , it is wholly on the southern side of the Alps Is not the position 
entirely changed by the St Gothard tunnel, running from Swiss territory into 
Swiss territory on either side of the mountain*!’ 

If, m the Bible language, it requiies faith to remove mountains, it is not 
wholly so with other natural boundaries Forests were, in old days, \eiy real 
natural dividing lines They were so m England, as in our own day they have 
been m Central Africa Between forty and fifty years ago, in his * Historical 
Maps of England,* Professor C H Pearson, whose name is well known and 
honoured in Australia, laid down that England was settled from east and west, 
because over against Gaul were heavy woods greater barriers than the sea 
Kent was cut off from Central England by the Andred Weald, said to have 
been, m King Alfred*s time, 120 miles long and 30 broad Here are Professor 
Pearson’s words ‘ The axe of the woodman clearing away the forests, the 
labour of nameless generations reclaiming the fringes of the fens or making 
their islands habitable, have gradually transformed England into one country, 
inhabited by one people But the early influences of the woods and fens are 
to isolate and divide * Thus the cutting down of trees is sometimes a good, 
not an evil, and there are some natural boundaries which man can wholly 
obliterate 

Can the same be said of deserts’ They can certainly be pierced, like 
isthmuses and like mountains The Australian desert is a natural divisiofi 
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between Western and South Australia The desert will be there for many a 
long day after the transcontinental railway has been finished, but will it be, 
in anything like the same sense as before, a barrier placed by Nature and 
respected by man^ Nor do railways end with simply giving continuous communi- 
cation, except when they aie in tunnels As we all know, if population is avail- 
able, they bring in their tram development of the hnd through which they pass 
Are these deserts of the earth always going to remain, in Shakespeare’s words, 
‘ deserts idle * ^ Is man going to obliterate them ’ In the days to come, will the 
desert rejoice and blossom as the rose’ What will dry farming and what will 
afforestation have to say ’ In the evidence taken in Australia by the Dominions 
Royal Commission, the Commissioner for Iriigation in New South Wales tells us 
that * the dry farming areas are earned out westward into what are regarded as 
and lands every year,’ and that, in his opinion, ‘ we are merely on the fringe of 
dry farming * in Australia A book has lately been published entitled ‘ The Con 
quest of the Desert * The writer. Dr Macdonald, deals with the Kalahari Desert 
in South Africa, which he knows well, and for the conquest of the desert he lays 
down that three things are essential — population, conservation, and afforesta 
tion He points out in words which might have been embodied in Mr Marsh’s 
book, how the desert zone his advanced through the reckless cutting of trees, 
and how it can be flung back again by tree barriers to the sand dunes By 
conservation he means the system of dry farming so successful in the United 
States of America, which preserves the moisture in the soil and makes the 
desert produce fine crops of durum wheat without a drop of ram falling upon 
it from seedtime to har\est, and he addi esses his book ‘to the million settlers 
of to morrow upon the dry and desert lands of South Africa * If the settlers 
come, he holds that the agency of man, tree planting, ploughing and harrowing 
the soil, will drive back and kill out the desert The effect of tree planting 
in arresting the sand dunes and reclaiming deseit has been very marked m the 
Landes of Gascony Here, I gather from Mr Perkins’ report, are some 3600 
square miles of sandy waste, more than half of which had as far back as 1882, 
been converted into forest land, planted mainly with maritime pines 

What, again, will irrigation have to say to the deserts’ Irrigation, whether 
from undei ground or from overground waters, has already changed the face of 
the earth, and as the years go on, as knowledge growrs and wisdom, must 
inevitably change it more and more T lead of underground waters in the 
Kalahari I read of them too in the Libyan Desert In the * Geographical 
Journal ’ for 1902 it is stated that at that date nearly 22,000 square miles in the 
Algerian Sahara had been reclaimed with water from artesian wells What 
artesian and sub artesian water has done for Australia you all know If it is 
not so much available for agricultural purposes, it has enabled flocks and herds 
to live and thri\e in what would bo otherwise and areas Professor Gregory, 
Mr Gibbons Cox, and others have written on this subject with expert know 
ledge, evidence has been collected and published by the Dominions Rojal Com 
mission, but I must leave to more learned and more controversial men than I am 
to discuss whether the supplies are plutomc or meteoric, and how fir in this 
matter you are living on >our capital 

If we turn to iriigation from overground wateis I hesitate to take illustra 
tions from Australia, because my theme is the blotting out of the desert, and 
most of the Australian lands which aie being irrigated from iners and made 
scenes of closer settlement, would be libelled if classed as desert Mr Elwood 
Mead told the Royal Commission that the State irrigation works in Victoria, 
already completed or in process of construction, can nrigate over 600 square 
miles, and that, if the whole water supply of the State were utilised, more like 
6000 square miles might be irrigated The Burnnjuck scheme in New South 
Wales will irrigate in the first instance not far short of 500 square miles, but 
may eventually be made available for six times that area If we turn to 
irrigation woiks in India it appears from the second edition of Mr Buckley’s 
work on the subject, published in 1905 that one canal system alone, that of 
the Chenab in the Punjab, had, to quote his words, turned ‘some two million 
acres of wilderness fover 3000 square miles) into sheets of luxuriant crops ’ 
‘ Before the construction of the canal,’ he writes, ‘ it was almost entirely waste 
with an extremely small population which was mostly nomad Some portion of 
the country was wooded with jungle trees, some was covered with small scrub 
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camel thorn, and large tiacts v\eie absolutely bare, producing only on occasions 
a brilliant mirage of unbounded sheets of fictitious water ' The Chenab irriga 
tion works have piovided for more than a million of human beings, and, taking 
the whole of India, the Irrigation Commission of 1901 3 estimated that the 
amount of irrigated land at that date was 68,760 square milea, in other words, 
a considerably largei area than England and Wales Sir William Willcocks h is 
been reclaiming the delta of the Euphrates and Tigris The area is given is 
nearly 19 000 squaie miles, and it is descnbed as about two thirds deseit and 
one thud freshwater swamp Over 4000 square miles of the Geziieh Plain, 
between the Blue and the White Nile, ire about to be reclaimed, mainly toi 
cotton cultivation, by constructing a dam on the Blue Nile at Sennaar and 
cutting a canal 100 miles long which, if I undeistand right, will 30 m the White 
Nile, thirty miles south of Khartoum 

With the advance of science, with the growing pressure of population on 
the surface of the earth, forcing on reclamation as a necessity for life, is it too 
much to contemplate that human igency in the coming time will largely oblite 
rate the^deserts which now appear on our maps^ It isfoi the young peoples ot 
the British Empiie to take a lead in — to quote a phrase from Lord Durham’s 
great report — ‘the war with the wilderness,’ and the great feat of carrying 
water for 350 miles to Kalgoorlie, in the very heart of the wilderness, shows 
that Australians are second to none in the ranks of this war 

It IS a commonplace that rivers do not make good boundaries because they 
aie easy to cross by boat 01 bridge Pascil says of them that they ire 
‘ des chemins qui marohent ’ (roads that move), and we have seen how these roads 
have been and are being improved by man ‘Rivers unite,’ says Miss Semple, 
and again, ‘ Rivers may serve as political lines of demarcation, and therefoie fix 
political fi on tiers but they can never take the place of natural boundaries ’ 
All the same, in old times at any rate, rivers were very appreciable dividing 
lines, and when vou get back to something like barbarism, that is to say in time 
of wai, it IS realised how poweiful a bairier is a river Taking, then, rivers 
as in some sort natural boundaries, or treating them only as political boundaries, 
the point which I wish to emphasise is that they are becoming boundaries which, 
with modern scientific appliances, may be shifted at the will of man In the 
days to come the diversion of rivers may become the diversion of a new race of 
despotic rulers with infinitely greater powei to carry out their will or their 
whim than the Pharaohs possessed when they built the Pyramids You in 
Australia know how thorny a question is that of the control of the Murray and 
its tiibutanes There are Waterways Conventions between Canada and the 
United States Security for the head waters of the Nile was, and is, a prime 
necessity for the Sudan and Egypt The Euphrates is being turned from one 
channel into another What infinite possibilities of politic il and geographical 
complications does man’s growing control over the flow of rivers present ’ 

Thus I have given you four kinds of barriers or divisions set by Nature 
upon the face of the earth — mountains, forests, deserts, rivers The first, the 
mountains, man cannot remove, but he can and he does go thiough them to save 
the trouble and difficulty of going over them The second, the forests, he has 
largely cleared away altogether The third, the deserts, he is beginning to 
treat like the forests The fourth, the rivers, he is beginning to shift when 
it suits his purpose and to legulate their flow at will 

I turn to climates Climates arc hot or cold, wet or dry, healthy or un 
healthy Here our old friends the trees have much to say Climates beyond 
dispute become at once hotter and colder when trees have been cut down and 
the face of the earth has been laid bare, they become diier or moister according 
as trees are destroyed or trees are planted and hold the moisture , the cutting 
and planting of timber affects either one way or the other the health of a 
district The tilling of the soil modifies the climate This has been the case, 
according to general opinion, in the North West of Canada, though I have not 
been able to secuie any official statistics on the subject In winter time broken 
or ploughed land does not hold the snow and ice to the same extent as the 
unbroken surface of the prairie, on the other hand, it is more retentive at once 
of moisture and of the rays of the sun The result is that the wheat zone has 
moved further north, and that the intervention of man has, at any rate for 
agricultural purposes, made the climate of the great Canadian North West 
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peiceptibly moie favourable than it was In Lord Strathcona's view, there was 
some change even before the settlers came m, as soon as the rails and telegraph 
lines of the Canadian Pacific Railway were laid He told me that in carrying 
the line across a desert belt it was found that, within measurable distance of 
the rail and the telegraph line, there was a distinct increase of dew and 
moisture I must leave it to men of science to say whether this was the result 
of some electrical or other force, or whether whit was observed was due simply 
to a wet cycle coinciding with the laying of the rails and the erection of the 
wires I am told that it is probably a coincidence of this kind which accounts 
for the fact that in the neighbourhood of the Assouan dam there is at present 
a small annual rainfall, whereas in past years the locality was rainless Re 
terence has already been made to the effect of cultivation in the Kalahari Desert 
m increasing the storage of moisture in the soil But it is when we come to the 
division between healthy and unhealthy climates that the effect of science upon 
climate is most clearly seen The great lesearches of Ross, Manson, Bruce, and 
many other men of science, British and foieign alike, who have traced malaria 
and yellow fever back to the mosquito, and assured the prevention and gradual 
extiipation of tropical diseases, bid fan to levolufcionise climatic control Note, 
however, that in our penitent desire to preserve the wild fauna of the earth we 
are also establishing preserves for mosquitos, trypanosomes and the tsetse fly 

Nowhere ha\e the triumphs of medical science been more conspicuous than 
where engineers have performed their greatest feats De Lesseps decided that 
Isnuilia should be the headquarters oi the Suez Canal, but the prevalence of 
malaria made it necessary to transfer the headquarters to Port Said In 1886 
there \\cre 2100 cases oi malaria at Ismailia, in 1900 almost exactly the same 
number In 1901 Sir Ronald Ross was called in to advise, in 1906 there were no 
fresh cases, and malaria has been stamped out Lesseps’ vttempt to construct 
the Panama Canal was defeated largely, if not mainly, by the frightful death 
rate among the labourers, 50,000 lives are said to have been lost, the result of 
malaria and yellow fever When the Americans took up the enterprise they 
started with sending in doctors and sanitary experts, and the result of splendid 
medical skill ind sanitary administration was that niilaria and yellow fever were 
practically killed out The Panama Canal is a glorious creation of medical as well 
IS of engineering science, and this change ot climate has been mainly due to 
reclamation of pools and swamps, and to cutting down bush, for even the 
virtuous trees, under ‘?onie conditions, conduce to malaria Man is a geographical 
igeiuy, and in no respect more than in the effect ot his handiwork on climate, 
for climate determines products, human and others Science is deciding that 
animal pests shall be extirpated in the tiopics, and tint there shall be no 
climates which shall be baired to white men on the ground of danger of infec 
tion from tropical diseases 

If we turn to products, it is almost superfluous to give illustrations of the 
changes wrought by man As the incoming white man has m many places sup 
planted the coloured aboriginal, so the plants and the living creatures brought 
111 by the white man have in many cases, as you know well, ousted the flora 
and fauna of the soil Here is one well known illustiation of the immigration 
of plants Charles Darwin, on the vovage of the Benqlc, visited the island of 
St Helena m the year 1836 He wrote ‘that the number of plants now 
found on the island is 746, and that out of these fifty two alone are indigenous 
species * Hio immigrants, he said, had been imported mainly from England, 
but some from Australia, and, he continued, ‘the many imported species iqust 
have destroyed some of the native kinds, and it is only on the highest and 
steepest ridges that the riidigenous flora is now predominant ’ 

Set yourselves to write a geography of Australia as Australia was when first 
made known to Europe, and compare it with a geography now Suppose 
Australia to have been fully discovered when Europeans first reached it, but 
consider the surface then and the surface now, and the living things upon the 
surface then and now Will not man be found to have been a geographical 
agency^ How much waste land, how many fringes of desert have been 
reclaimed’ The wilderness has become pasture lind, the pasture land is 
being converted into arable The Blue Mountains, which barred the w \y to the 
interior are now a health resort Let us see what Sir Joseph Banks wrote 
alter his visit to Australia on Captain Cook’s first voyage in 1770 He has a 
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chapter headed * Some Account of that part of New Holland now called New 
South Wales * New Holland he thought * in every respect the most barren 
country I have seen * , ‘ the fertile soil bears no kind of proportion to that which 
seems by nature doomed to everlasting barrenness ’ * In the whole length of 
coast which we sailed along there was a very unusual sameness to be observed 
in the face of the country Barren it may justly be called^ and in a very high 
degree, so far, at least, as we saw * It is true that he only saw the land by the 
sea, but it was the richer eastern side of Austialia, the outer edge of New 
South Wales and Queensland What animals did he find in Australia^ He 

* saw an animal as large as a greyhound, of a mouse colour, and very swift * 

* He was not only like a greyhound in size and running, but had a tail as long 
as any greyhound’s What to liken him to I could not tell * Banks had a grey 
hound with him, which chased this animal * We observed, much to our surprise, 
that, instead of going upon all tours, this animal went only on two legs, making 
vast bounds ’ He found out that the natives called it kangooioo, and it was * as 
large as a middling lamb * He found ‘ this immense tract of land,* which he 
said wall considerably larger than all Europe, ‘ thinly inhabited, even to admira 
tion, at least that part of it that we saw ’ He noted the Indians, as he called 
them, whom he thought ‘ a very pusillanimous people ’ They ‘ seemed to have 
no idea of traffic ’ , they had ‘ a wooden weapon made like a short scimitar * 
Suppose a new Sir Joseph Banks came down from the planet Mars lo visit 
Australia at this moment, what account would ho give of it in a geographical 
handbook for the childien of Mai s’ He would modify the views about barren 
ness, if he saw the cornfields and fiocks and herds, if he visited Adelaide, he 
would change his opinion as to scanty population, though not so, peihaps, if he 
went to the back blocks He would record that the population was almost 
entirely white, appaiently akin to a certain race in the North Sea, fiom which, 
by tradition, they had come, that their worst enemies could not call them 
pusillanimous, that they had some ideas of traffic, and used other weapons than 
a wooden scimitar, and he would piobably give the first place in animal life not 
to the animal like a greyhound on two legs, but to the middling lamb, or 
peihaps to the ubiquitous rabbit Australia is the same island continent that 
it always was, there are the same indentations of coast, the same mountains 
and livers, but the face of the laid is different In past >eai8 there was no 
town, and the countiy was wilderness, on the surface of the wilderness many of 
the living things weie different, and fiom under the eaith his come watei and 
mineral, the existence of which was not suspected A century hence it will be 
different again, and I want to see sets of maps illustrating more clearly than is 
now the case the changes which successive generations of men have made and 
are making in the face of Australia and of the whole earth 

More than half a century ago Buckle, in his ‘ Histoiy of Civilisation,* wrote 
‘ Formerly the richest countries were those in which Nature was most bountiful , 
now the richest countiies are those m which man is most active lor m our age 
of the world, if Nature is parsimonious we know how to compensate her 
deficiencies If a river is difficult to navigate, oi a country difficult to traverse, 
an engineer can correct the error and remedy the evil If we have no riveis 
we make canals, if we have no natural harbours we make artificial ones* 
These words have a double force at the present day and in the present sur 
roundings, for nowhere has man been moie active as a geogiaphical agency than 
in Australia, and not inside Australia only, but also in regard to the relations 
of Australia to the outside world 

An island continent Australia is still, and always will be, on the maps It 
always will be the same number of miles distant from other lands, but will 
these maps represent practical everyday facts’ What do miles mean when 
it takes a perpetually diminishing time to cover them’ Is it not truer to 
facts to measure distances, as do Swiss guides, in Stunden (hours) ’ What, 
once more, will an island continent mean if the sea is to be overlooked and 
overflown’ The tendency is for the world to become one, and we know 
perfectly well that, as far as distance is concerned, for practical purposes 
the geogiaphical position of Australia has changed through the agency of 
scientific man If you come to think of it, what geogiaphy has been more 
oencerned with than anything else, directly oi indiiectly, is distance It is 
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the knowledge of other places not at our actual door that we teach in geography, 
how to get there, what to find when we get there, and so forth The greatest 
revolution that is being worked in human life is the elimination of distance> 
and this elimination is going on apace It is enteiing into every phase of public 
and private life, and is changing it more and more The most difficult and 
dangerous of all Imperial problems at this moment is the colour problem, and 
this has been entirely created by human agency, scientific agency, bringing the 
lands of the coloured and the white men closer together Year after year, 
because distance is being diminished, coming and going of men and of products 
IS multiplying, steadily and surely the world is becoming one continent This 
is what I want geographers to note and the peoples to learn Geographers have 
recorded what the world is according to Nature I want them to note and 
teach others to note how under an all wise Providence it is being subdued, 
replenished, recast, and contracted by man 


Melboubnb 
111 DAY, AUGUST 14 

Ihe following Papers were icad — 

1 ^Ubtraliayi Rainfall By 11 A H-vm^ Com mo mu ealth Meteorologist 

The main factors to be considered m relation to the controlling causes of 
rainfall in Austialia are the southeast and westerly trade winds, the 
monsoonal and southern depressions, cyclones from the north east and north 
west tropics, locally formed cyclones, and the anticyclones, in conjunction with 
the modifying effects on these various atmospheric movements of the physical 
features of the different parts of the country 

Around the central dry area of Australia the isohyets describe somewhat 
concentric curves, the modifications being mostly due to variations m elevation 
Thus, the Darling Ranges to a great degree account for the rainfall of the 
south west coiner of the continent The Flinders Range (South Austialia) 
and Australian Alps in the south east have a heavier rainfall than the sui round- 
ing tiacts owing to their cooling effect on the air currents Along the eastern 
elevated margin of the Commonwealth the ridges between large river valleys 
also account for an enhanced precipitation Examples of the latter type are the 
Peak Range and Darling Downs in Queensland, where the eastern ranges of the 
northern parts of that State obstruct the south east trade winds and cause 
our heaviest rainfall In Western Tasmania there is an excessive rainfall for 
similar reasons, though there the westerly trades are the moisture laden winds 

During the hotter months, November to April inclusive, the northern paits 
of Austialia are wet and the southern dry, and in the colder mouths, May to 
October inclusive, the southern parts are wet and the northern dry, while over 
the eastern areas of the continent the rainfall is distributed fairly generally 
throughout the year 

The southern portions of the continent, where the precipitations are con 
trolled by the ‘ stoimy westerlies,* southern cyclones and V shaped depressions, 
enjoy veiy consistent annual totals, but north of the tropics, and in fact in all 
parts of the continent subject to monsoon rains, the departures from the 
normal are occasionally very gieat 

When the monsoonal disturbances are in evidence, the effect of the rainfall 
on the country generally and the economic results for the succeeding season 
ire very pronounced The interior of the continent becomes transformed 
The plains, which oidinarily have an intensifying effect on the heat winds 
of the summer, are deluged with ram, and respond immediately with a luxurious 
growth of grass and heibage The air is then both tempered in heat and loses 
its dryness for considerable periods 

The monsoon region comprises the whole of Australia north of the Tropic 
of Capricorn, together with Southern Queensland and tlie north of New South 
Wales The heaviest lains are m January and February They aic directly 
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due to the indraught caused by the heating of the centre of the continent This 
leads to the formation of a low piessure m Northern Australia, and the iscend 
ing winds are cooled and deposit their water vapour in heavy lainstoims ind 
thundei showers 

Tiopical depressions when well developed are productive of good inland 
rains, and are evidently caused by southward Hows of the atmospheie of wide 
extent and considerable depth The ‘ Antarctic * disturbances are, however, the 
more frequent in winter The heaviest totals fiom this last named source aie 
precipitited on the west coast of Tasmania Thus at Mount Lyell the total 
foi one year exceeded 140 inches, and even the average is 116 05 inches When 
an ‘ Antarctic ’ is supplemented by a * trough * extending well into the northern 
interior, it brings much ram to the inland areas of South Australia, Victoria, 
New South Wales, and even Queensland 

Anticyclonic rams occur at all times of the year, but moie maikedly from 
March to September They benefit particulaily the southern area of the 
continent, and aie responsible for many of the heaviest rainfalls and floods on 
the coastal districts of New South Wales 

Flood rams occur at infrequent mtcii ils over vaiious portions of the 
Commonwealth, principally m Queensland, the south eastern parts of the 
continent, and the northern regions of West Austialia 

Typical instances of floods m South eastern Australia are (1) the flood which 
occurred m January 1910 m the Uppei Bailing tributaries, consequent on 
abnormally heavy lains on the noith western plains and slopes of New South 
Wales, as well as on the Bailing Bowns of Queensland 

These exceptionally heavy, continuous rams weie ciused by the joint action 
of an anticyclonic area ovei the southern regions and a monsoonal depression 
operating m the noitheiii half of the continent A monsoonal tongue developed 
ind extended southwards over Queensland and New South Wales, while at the 
same time the eneigy of the high pressure in the south increased In five da vs 
laige areas in the two States had from 5 inches to 19 inches of ram 
Ihe enoimous amount of watei which fell ovei aiipioximately 86,000 square miles 
of countiy may be loughly estimated at thirty one billion, six bundled and 
eighty seven million ( ^1,687,000,000) tons, or seven thousand one bundled 
billion (7,100,000,000,000) gallons 

(2) A similai de^elopment occuiied in Mach of the piesent jeai, when i 
monsoonal tongue extending southwards acioss the continent agiinst in 
intensified anticyclone m the south was accompanied by severe thundei stoi ins 
and torrential lams Some of the heaviest individual fills weie ni New So itli 
Wales , c y , Taralga on the Central Tablelands 10 74 inches, bydiiev 8 49 mchcb, 
Parramatta 16 91 inches, ind Beecraft 18 84 inches m the metropolitan area, ind 
Wollongong 26 34 inches, on the south coast The baiometei readings at Sydney 
ranged from 30 13 inches to 29 97 inches duimg the five days the storms were 
in progress, while the anticyclone to the south giadually gave wiy simul 
taneously, the centie (30 4 inches) moving slowly o\er the southern pats of 
Victoria and Tasmania eastwards to the South Pacific Ocean 

The wettest known place m Australia is Innisfail, on the noith cast coist of 
Queensland, where the average rainfall for twenty one years is no less than 
145 inches, the maximum yearly total being 211 24 inches, and the minimum 
69 87 inches 

The driest region so far fuinibhed with ram gauges lies eist and noith eist 
fiom Lake Eyre, where less than 5 inches is the average iniiual lamfall, and 
where a total of 10 inches is raiely recorded dining the twelve months Tins 
minimum rainfall is coincident with the lowest elevation. Lake Eyre being 
actuaUy below sea level 19 feet 

The inland distiicts of Western Australia have until iccent veais been 
regarded as the driest pait of the Commonwealth, but authentic obseivations 
taken during the past decade at settled districts in the east of that State show 
that the annual average is from 10 to 12 inches 

In comparing the rainfall of the chief cities of the rest of the world i with 

1 Amsterdam, Athens, Berlin, Berne, Bombay, Biussels, Budapest, Buenos 
Ayres, Calcutta, Cape Town, Chicago, Christiania, Colombo, Constantinople, 
Copenhagen, Bublm, Edinburgh, Genoa, Hong Kong, Johannesburg, Lisbon, 
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tliose ot Aubtidlia^ it is found that Bombay^ Calcutta, Colombo, bingapore, and 
Hong Kong are the only cities whose rainfall exceeds that of Sydney and 
Biisbane Perth has a greater annual rainfall than New York, and more than 
that of twenty eight of the forty two cities used in the comparison Hobart 
nearly equals London, which Melbourne exceeds by an inch, while eleven of 
the forty two places considered have less lain than Hobait 

The distribution ot average annual rain fill over the Commonwealth and 
the United Kingdom in thousands of square miles is as follows — 



Austi aha 

Biitish Isles 

Under 10 in 

1,045 

ml 

10 in to 15 in 

652 

ml 

15 m to 20 in 

41b 

ml 

20 in to 30 in 

601 

24 

30 m to 40 m 

199 

42 

Over 40 in 

160 

55 


The average area under wheat in the United Kingdom during the yeais 
1910, 1911, and 1912 was 1,926,040 acres, and the average yield 59,436,392 
bnshtls , while in the Commonwealth for the same period the aiea under wheat 
wis 7,379,980 acies, and the average yield 86,243,133 bushels, a difference in 
the totil yield in f ivoui ot Anstialia ot 26,806,741 bushels In Australia wheat 
growing under ordinal y conditions is gcnerilly coiibidcied a safe and payable 
pioposition when 10 inches of lain and over falls fiom the month of Apiil to 
that ot October inclusive There aie in all 484,330 squaie miles of countiy with 
10 inches of i iinfall and over during the wheat glowing period The output 
of wheat has been steadily incicasing fiom yen to ycai, and there aic vast 
possibilities of tuture develoiimcnt in this diiection 

The climatic history and piospeiity of the last ten >tus oi so coiitiadict 
emphatically the preconceived notion that Australia is the particulii di ought 
stiickcn iiid piecaiious aiea ot the eirths suiface These misconceptions of 
tlic tiue cluractei of the countiy have been held in the developmental stigcs, 
to a gicitei 01 less extent in the eirly histones in the majoiity of all lands 
and in the colonisition of newly discovered teiritoiies, c (/ , see history of 
colonisation of U b Ameiica md caily Egyptian histoiy The tiuth of the 
matter about Austiilii’s lainfall is that (1) it is generally ample loi 
pistoial ind igiicultuial industiies ovci tvio thuds ot its iiea , (2) tint diheieiit 
legions have distinct seasonal div and wet peiiods These must be more tully 
lecognised ind industnil opeiations adapted ucordiiigly, (3) it is subject in 
put but nevei in the whole, to piolonged pciiods when the lainfall is shoit 
ot the season il aveiage Austi ilia is not peculiar in this respect It follows, 
ilicicfoie, that as the so fai undeveloped countiv becomes populated and put 
to inofitable use, the general wealth of the community as a whole will steadily 
iiieic ise 

A model icpresenting the lelative rainfall ovei \ustialia his been constiucted 
it the Commonwealth Weathei Buieiu on a hoiizontal scale ol 133 miles to 
1 inch ind a veitical scale of 10 inches to 1 centimetie 

It shows it a glance how the annual lainfall is distiibuted, fiom the sm ill 
precipitation o\ei the fii inteiior to the fringe of high lainfall around the 
gicitei portion of the coastline, culminating on the eastern side in a great 
pc ik indicating the annual precipitation over the Haivey Cieek and Innisfail 
district, resulting fiom the pi o\ ailing south east tiade winds cariying the 
moisture against the mountain langes just inside the coast 

The fringe of lelatively high lainfall along the eastern and south eastern 
coasts ot the continent as the lesult of the elevated contours neai the coast in 
those regions is also striking 

The effect of the monsoonal lains over Noithein Australia is very appaient 
from the model, which shows the gradual increase of rainfall from under 10 
inches in the in tenor to over 60 inches on the noith coast 

The manner in which the prevailing westeily trade winds cany moistuie 

London Madias, Madnd, Marseilles, Moscow, Naples, New Yoik, Ottawa, 
Pans, Pekin, Quebec, Rome, San Ftancisco, Shanghai, Singapore, Stockholm, 
Petrograd, Tokyo, Vienna, Vladivostock, and Washington 



442 


TBANSAOTIONS OS' SUCTION B 


along the southern portion of the Commonwealth is clearly marked by the 
elevations indicating the good rains received over the south west corner of 
Australia^ and^ further eastward^ how the ranges east of Adelaide cause good 
rainfall there and prevent the rain from that direction reaching the inland 
parts of Victoria 

In Tasmania also is seen the effect of the trequency of the moist westerly 
winds^ causing high rainfall along the mountain ranges of the west coast^ with 
resulting comparative dryness in the eastern parts of that State 

It may be of interest to note in closing that there exists apparently an 
oscillatory movement of the seasonal rains throughout Australia about a centre 
in the vicinity of horbes^ in New South Wales It is perhaps a natural 
coincidence that this apparent centre of oscillation is approximately the centre 
of gravity of the Commonwealth’s population, and is not far from the Federal 
capital site 

This peculiai oscillatoiy chaiacter of the monthly maich of ramfall suggested 
the constiuction of a ‘ Ram Clock ’ In the centie of a piece of cardboard a map 
of Australia is cut out with a die At the back of this another piece of card 
board, indicating the ram area, is manipulated on a swivel By moving tho 
second piece of cardboard backwaids and forwaids with an amplitude of oscilla 
tion of one fifth of a ciicle, the land area of the continent atfected by dry oi 
wet conditions at any time of the year is appioximately indicated 

The immediate lessons to be learned from a study of the ' Clock ’ are that tho 
seasonal rams are more regular than was generally believed, and that the 
alternatmg dry and wet seasons are definitely defined That being so, when m 
obedience to physical law there is an absence of ram during the noimally dry 
period in any part of Australia, such dryness should not be regarded as 
drought, and an evil, but rather as Nature’s wise provision for resting the soil 


2 'Ihe * Malice' Counlty of North-Western Victoria 
By A S Kenyon, C E 

The term ‘ Mallee,’ applied to the sciubby foims of Eucalypt chaiacteiistic 
of the area to be desciibed, is of aboriginal oiigm 

The Mallee country embiaces over 11,000,000 acies and includes the gi eater 
part of the noith-westein portion of the State, ovei one fifth of its total aiea 
It is sharply differentiated fiom other districts by its soils, plants, and general 
surface configuiation 

Surface Formation — The pi evading featuic is the legular occurrence of sand- 
iidges — of no gieat height, gencially less than 30 feet Ihey are moie oi less 
parallel, lunning from W S W to E N E With an increase in then height, the 
soil becomes noticeably poorei , at times they are o\er 100 feet above the sui 
loundmg surface, when the paiallelism is almost completely masked and they 
loiin a jumble of sand hills, locally known as ‘ deseit ’ Moie oi less extensive 
expanses of level land with low irregular undulating uses aio termed ' broken * 
country 

Soil — The soil ^alles fiom iich icd clayey loams in the ‘ broken * countiy 
to pure white sand in the ‘ sandhills,* and, except m the latter class, is all 
suitable foi agriculture Limestone nodules occur almost everywhere, in places 
becoming almost massive, outciops of tertiary agglomerated ferruginous sand 
stone are plentiful Salt lakes, generally in the vicmity of the moie extensive 
limestone beds, accompanied with ‘copi* or gypsum earth deposits, are 
numerous These have rarely any inflow of water, and their saltness in every 
case may be put down to upward filtration Swamps and terminal lakes without 
any outflow are, however, generally fresh The ‘ broken ’ country occupies 
about 20 per cent , the sand ridges cover 60 per cent , while the sand hills 
account for less than 30 per cent 

Plants — The sand ridge country is densely covered with E Dumosa and 
its varieties Broom-bush {Boeckea) marks the transition stage into sand hills 
with their desert types of Casuartna, Calhtris, Grevtllia, Hakea, Melaleuca, and 
Epaens The * broken ’ countiy has large mallee, big pines (Callitns robusta), 
buloke, and belar {Casuartna luehmanm and lepidophlota), sandalwood {Myo 
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porum plalycarpum and Eremophila long% folia) and a great vaiiety oi shrubs 
(Heterodendron, Fusanua, Vittosporum^ acacids, &c ), forming probably the most 
park like oountiy in Australia The so called spinif ex, Triodia irntans, the 
porcupine grass of the settlers, prevails throughout Salt bush plains comprising 
a large number of the Chenopodiace<fi vary tiom a few to many thousand acres 
Glasses are of the tufty, tussocky order, and larely form a sod or sole of grass 
sufficient to pi event sand drift 

Climate — The Malice is and Its lainfall varies from 19 to a^ little under 
11 inches per annum, averaging 14 inches In summer the days arc intensely 
hot and the air excessively dry, consequently there is fiequently a consideiable 
drop in tcmpciature at night time, the langc being over 70° F In \nnter, the 
days are bright and sunny with much fiost at night, temperatuies going com 
monly below 20° F Cyclones of destructive foice are larc 

Geology — The suiface soils aie almost wholly seolian or wind redistributed, 
this formation extends to 30 feet and over in depth They have been foimed 
liom lacustiine clays and diifts, which are some 20(J feet iii thickness Below 
these beds, enclosed above and below by estuaiial blue clays containing broken 
shells, foiaminifcia, glauconite, &c , aie extensive marine formations, poly- 
zoal and shell rocks of about the same thickness as the overlying lacustrine 
beds Below these are temstrial fluviatile deposits containing much lignite and 
pyiites The thickness of these, which rest upon palicozoic, Silurian, oi gianite 
beds, IS vaiiable, reaching 700 feet The sequence of beds shows in the Tertiary 
peiiod a consideiable subsidence followed by elevation While the elevation 
was in progiess and the sea had retieated, the streams at present joining the 
Muiray River flowed in and formed the lacustrine deposits until, uniting forces, 
they cut a canyon through them to the sea The Murray River canyon has a 
depth of 60 to 200 feet, and a width of li to 4 miles A distinct folding in the 
whole senes of Teitiary beds has been shown by the boiings At the suiface 
these folds are many miles m width ind aie over 200 feet in height and have 
i diiection a little west of iioith — ^at light angles to the sand iidges — with a 
maiked easteily dip It is not unlikely that the salt and gypsum aieas above 
let ei led to maik the synclmes, where fiacturing allows escajic of the artesian 
v/ateis of the coial marine beds 

Settlement — Theie aie at piesent fave and a half million acres uudei settle 
nieiit, of which about one and a half million acres iie under cultivation annually, 
buppoitiiig a, population of ovei 40,000 


6 Tilt Expciunt}ital Dtntonbltalion of the Ciiriaiuie of Iht Earth'b 
Snrfatc By 11 Yull Oldh\m, M A 


4 'Ihe Central Highlands and * Main Diiido of ] itloiia 
By T S Hari, MA,BCE,FGS 

A belt of highlinds extends through almost the whole length of Victoria 
These consist of a peiiepljui caived out of Palaeozoic locks, and subsequently 
elevated in blocks to varying heights and dissected Remnants ot oldei hilb 
above the peneplain are of minor importance 

On these Palaiozoic rocks lest fliiviitile and lacustrine deposits of Tertiiiy 
age The fossils and relation to marine Teitiaiies further south indicate a 
position low in the Tertiaries for the oldest of these The formation of the 
peneplain miy be regarded as early Tertiary In Southern Victoria worn down 
Jurassic locks form pait of the peneplain On the Cential Highlands and south 
of them there aie also two senes of volcanic rocks, known respectively as the 
older volcanic (early Tertiary) and newer volcanic (late Tertiary) 

The central belt of highlands is outside the limits of the Jurassic coal 
bearing sediments and of the marine Tertiaries This area has been relatively 
high from Jurassic time onward, and has been much more elevated in Tertiary 
times than the marine Tertiary area 

The general effect produced by the elevation has been a broad belt of high 
lands falling away to north and south and higher at the eastern end In detail 
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this aiea consists of numerous fault blocks, moie or Iqss tilted, and unequally 
elevated, producing original crests and valleys As the crests of the blocks die 
oiten transverse to the east and west trends of the whole highlands, the two 
ends of a relatively low strip may be occupied by streams flowing to north and 
south respectively The main wdtei parting or Mam Divide between the noith 
and south streams vanes in its i elation to the fault blocks, being determined in 
part by crests of tilted blocks, or by relatively high blocks, in part by the 
position of the Divide at the head of stieams flowing in opposite directions 
in the same low area, and in part by volcanic accumulations 

It IS not necessaiy to suppose a single original Mam Divide from which 
streams flowed directly to the lowlands north and south On the contrary, there 
IS distinct evidence of a more complex arrangement of the original crests so 
that some aieas had less direct outlets — foi example, a well marked east and 
west crest south of Ballaiat is connected by a meiidional ridge east of that 
town to the Mam Divide pioduciug two basins, tint of Ballaiat, and that of 
the original Paiwan, the present southerly valleys ot the Moorabool, Yarrowee, 
and Smythe’s Creek are cut latei thiough this southern ciest The presence 
of original difficulty diained areas has piobablv made alterations m the 
drainage system easier, both by capture and by diversions after volcanic in 
filling Alterations are also facilitated by diffeiential movements after the 
present drainage system was initiated on the using peneplain 

The Uppei Goulbuin his piobably been toimed by linking by captuic ot 
oiigmally distinct basins The sime has \ciy likely occurred m the case of 
the Ydira The alteiations ncai Ballaiat arc laigeJy due to volcanic accumu 
lations 

The Mam Divide is sometimes vokanie, as in paits neai Billarat, where it is 
foimed by miteiials accumulated round several vents 

The actuil iiitiubioii of the gianitie locks has tiken no part in foiming tho 
piescnt Divide These locks have moved with the otheis in block movements 
They aie evidentlv inoic likely to be exposed on the peneplain at ifliccs of 
much elevation prioi to its completion borne of these situations would no 
doubt continue to be much elevated later 

Some of the bound iiies of tho giamtic aieas aie fault lines liom whicli 
tlie giaiiitie countiy rises lapidly (Mount Cole, Mount Maltha, Aithui’s beat) 
Some of the Paleozoic dacites also make very piomineiit lulls (Mount Micedoii 
The Dandenoiigs) In these cases the hard locks on the uplifted side still 
picsciit some coiisidei iblc steepness due to the oiigmal f lult scarp 


5 A Map of iJio Euhironb of llouic of Jo47 Bij J)i Tiiomvs Vsiiin 

The V itican Libiary has, by a recent gift of His Holiness the Pope, come 
into possession of in impoitant collection of maps and plans Ihis includes an 
eiigiaved map of the enviions of Rome for a distance of about twenty miles in 
each diiection, on the scale of about two inches to the mile It beais the date 
1)47, and is unsigned, but Mr Horatio F Browne has discoveied the Venetian 
piivilege for it, fiom which it appears that its author was i Iloientinc, 
Eufrosmo della Volpaia It is rather a bird’s eye view than i map, the pio 
jection not being accuiate, but the details (roads, faims, streams, woods, cuJti 
vation, &c ) are very well ‘^hown , ind it is the laigest map of this distiict known 
until compaiatively modem times Though it is engiaved on six copper 
plates, and served as the original of Oitelius’ map, it has leni lined unknown 
until now, and the Vatican eopy is unique Dr Ashby has wiitten the text to 
the publication in facsimile made by the Vatican Libiaiy in a senes which it is 
now issuing (‘ Le Piante Maggiori di Roma dei secoli 16® e 17® ’) 

6 Three Farly Auslralian (reographersy their Morlc, and how U ts 
Remembered By Charles R I ono, M A , Inspector of Schoohy 
and Editor of the Education VopailmenV s Publications y Victoria 

In Australia, the scope of the geography syllabus, especially that of the 
State elementary school, is comprehensive, and the time appoitioned to the 
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subject IS liberal Of late years, a feature of the teaching has been the con 
iiecting of the physical features of the continent with those who discovered, 
explored, and named them, and of the towns with their founders and early 
residents The map has thus become invested with a human interest that 
serves to give an attraction to the acquirement of topographical details which 
it did not formerly possess This mode of connecting history with geography 
has also been to the benefit of the former The strongly established subject, 
geogiaphy, has helped to place the weak subject, Australian history, on its 
teet Another effect of adding humanity to geographical nomenclature has 
been to diiect the minds of Australian children, and through them of their 
paients, to the early Australian geographers The value to the nation of these 
intrepid men is rapidly obtaining recognition, and when you add to that 
lecognition the result of the giving over of a day annually on which the 
exploits of the explorers and pioneers are made the sole topic of instruction in 
the schools (as is the case in Victoria), you vmII see that the time is ripe foi 
the election of liistorical ironuments and foi the propei appieciation of those 
ilieadv erected 

Of the many men deserving of recognition at the hands of Australians 
tinee stand out prominently, the navigators. Times Cook and Alitthew hlinders, 
iiul the surveyor, Thomas Mitchell The geographic il work of these men vias 
of immense importance to Austialia 

There is no record of any visit to the eastern shore of the eontinent before 
tint of Cook, who charted the coast line for some 2000 miles with an approach 
to ac cur icy tint astonishes the hydrographers of the piesent day when they 
consider the disadvant iges under which he carried it out 

Among Australian explorers he is easily first in public estimation, some 
times incieed, being credited by those whose enthusiasm is gieitci than their 
historical knowledge with being the discoverer of the island continent Public 
admiration has been shown in the memoiials erected to him \t Botan\ Bay, 
where he first landed on the Australiin soil, there is a tablet affixed to a rock, 
and also an obelisk Sydney possesses a fine statue At Cooktown, Queens 
lind wheiothe ‘ Endeavour ’ was careened at the mouth of a iivcr that bears its 
nime, is another obelisk and a tree is still leverently preserved as that to 
which the ship was tied An admirer at Bendigo, the ‘ Quartzopolis ’ of 
Victoiia, has placed a statue of the great navigator in immediate proximity to 
the piincipal Anglic in chinch And soon, the St Kilda Esplanade Victoiia 
will be graced by a replica of the fine statue at Whitby, Yorkshire 

Next to Cook comes Captain Afatthcw Flinders, who did a greatei amount 
of surveying along the coast of Australia than any other man In 1792 he 
began it with Bligh in Torres Ptiait, to which he leturned ten years aftei 
wards In 1795 he ventured forth with his intrepid companion. Surgeon Bass 
in a boat south from Sydney, with the lesult that he was able to show to the 
Governor, Captain Hunter, a chart that won his admiration Then with 
jovful enthusiasm, he went round Van Diemen’s Land (now Tismaim) in the 
sloop ‘Norfolk,’ and, after that, from Svdney to Aloreton Bav Lastly, in the 
‘ Investigatoi ,’ fully accredited by the Admiialty, he began to chart the coast 
of the continent Starting at Cape Leeuwin, he woiked his v\av patiently along 
the coast to Sydney and thence to the north east of Arnhem Land at whicli 
point the rotten state of his ship made it impeiative foi him to bung hissuivey 
to a close His charts arc so good that subsequent surveyors have had little to 
do m the way of amendinig them 

The fiist of Australia s memoiials to Flindei^ was elected in 1841 by the 
Govcinoi of Van Diemens Lind, Sii John Frinklin, who had been a midship 
man on boaid the ‘ Tnyestigator ’ It stands oveilooking the fine harboni of 
Port Lincoln, South Aurtialia The people of tint State have not forgotten the 
good example then set them They have erected a monument on Kangaroo 
Island to commemorate its discovery by Flinders, a column on Mount Lofty for 
a similar purpose, and to the Bluff, in the Encounter Bay district, have affixed 
a plate to recall to mind the meeting of Flinders and the French explorer, 
Baudin Victorians have recently awakened to a recognition of the debt they owe 
to the man who spent a week in Port Phillip Bay in 1802, and whose excellent 
chart was used by the early explorers of their State On Discovery Day, 1912, 
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Sir Jolm Fuller, the State Governor, unveiled a tablet affixed to the granite tor 
at the summit of Station Peak, near Geelong, on which Flinders stood to survey 
the bay on May 1, 1802 At Western Port there is a cairn and tablet which 
were unveiled by his Excellency the following Discovery Day It commemorates 
the discovery of that inlet by Pass in 1798, and the first passage of the Strait 
by him and Flinders later in the year Lastly, led by the members of the 
Victoria Branch of the Roval Geographical Society, an effort that will soon be 
consummated was set on foot some time ago to erect a worthy statue of Flinders 
m Melbourne 

Thomas Mitchell, who was ippointed Surveyor General of New South Wales 
in 1827, had seen service with Wellington throughout the Peninsular War, and 
had been allowed by him to employ his talent for military sketching and plan 
making To this fine training was added a love for his work as a surveyor and 
explorer, together with much energy He well deserved the knighthood that 
was bestowed upon him Before his death at Sydney, in 1855, he had recorded 
a vast amount of detail in connection with the physical features of Fastern 
Australii: 

Of his four great expeditions — the first to the north of New South Wales, 
the second to the Darling near Bourko and then down that river, the third 
through Western and Central Victoria (his Australia helix), and the fourth into 
Central Queensland — the third proved of inestimable service to the young 
colony by attracting settlers to it This f ict is now being recognised by 
Victorians With the Discovery Day celebrations hss been associated the 
unveilinig of a tablet to his memory at Pyramid Hill where he stood on 
June 30, 1836, and surveyed the charming prospect around him , of a second on 
Mount Arapiles which he ascended on Tuly 23, and a third at Expedition 
Pass, through which he lourne^ed on September 29 Owing to the enthusiasm 
teachers are show'ing in the matter it is certain that, in the near future, his 
line of march in Victoria will be well indicated by tablets 


TLERDiY, AUGUST 18 

Joint Biscii^<iion iviih Section C on the Physiography of AnJ Lands 

See p 363 


]]ED\n^DAY, AUGUST 19 

The following Pipers were read — 

1 Australian Eorplorohnn By the Eight lion Sii John Fomir^T, 

GGMCt 

2 Forest Glimnle and Rainfall By E A Mackw 

3 Recent advances in the Map of the Woild on the Seale of 
1 1,000,000 By Piofessoi A Pknck 

The proposal for an international map of the world on a uniform scale has 
been considerably advanced in the last few years A conference of delegates 
of several States held in London in 1910 approved the general scheme adopted 
by various Geographical Congresses since 1892 — ^namely, the scale of the map 
to be 1 1,000,000, each sheet to be plotted on its own surface and to be limited 

by parallels at a distance of 4 degrees in latitude and by meridians at a distance 
of 6 degrees in longitude, the meridians to be reckoned from Greenwich, the 
map to be a hypsometrical map, the contour lines of which should be given in 
hundreds of metres The resolutions of the London conference were carried 
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out by several States, and maps after the scheme proposed were prepared by 
Great Britain, France, Italy, Spain, the United States of America, Argentin i 
Chile, Japan, and in Portugal and Hungary Much work has been done for the 
map also in Sweden At the International Geographical Congress of Rome, 1913, 
it was seen that these maps sliowed many differences in their methods and execu 
tion, and the Congress recommended a second international conference of dele 
gates of States This conference was held in Pans in December 1913, the 
number of States represented at it — 34 — showed how general the interest in the 
map had become The resolutions adopted did not alter the general scheme of 
the map, but settled many of its minor features 

In Australia the scheme was discussed in 1912 by a conference between the 
surveyors general of the diffeient States and its execution was recommended 
to the Commonwealth A map on a uniform but not too smill a scale would 
indeed be of the greatest value to Australia for there is none at present The 
different States have hitherto only maps of their own territory, and these maps 
are unequal as to scale and contents One feature is common to all — thej do not 
lay stress upon the representation ot morphological features, and our knowledge 
of the extent and height of the physical regions of Australia is limited In order 
to extend the international map of the world to Australia extensive survevs ju 
still necessary It would be an important result of the scheme for a uniform 
map of the woild if it should excite interest in the hvpsometrn al snrvovs of 
Australia 


Sydnfy 

F BID AY, AUGUST 21 

The following Papeis were read — 

1 The Development of the Nafuial Onh) Tje(funmio^( 2 — 4 Study tn 
PalcBoqeography By E 0 Andrew c;, BA, F G S , Geological 
Surveyor, New South Wale<i 

A study of Leguminose indicates that the fin il separation of Austtalia from 
Tiopical Asia took place before that of Tiopical America from Iropicil Africa 
This problem admits of comprehension onl\ by a knowledge of the succession 
of geogiaphies in post Jurassic time, the character and home of the primiti\e 
types of the Order, the soils and climate which \arious legumes fa\our, the 
piinciples of plant dispersion bj sta and land as well as the aiiest of de\elop 
merit in certain types and the wonderful vitality in otheis such as Acacia and 
Astragalus, these principles aie all elaboiated in the main discussion 

Gcogra'phy — Fxtensive and lowljing plains of eiosion, large epicontinental 
seas and genial climate were featuies of the Uietaceous geoglaph^, while large 
continents, great deserts small epicontinental seas, high mountains, glaciated 
poles, and a geneial differentiation of climate into zones are characteristic of 
modern geograph;y 

Primitive Type^f — Home, the feitile tiopics Trees oi shiubs, of luxuriant 
hibit Leaves simple sometimes digitate or simply pinnate Corolla legulai 
petals five Stamens definite five or ten, free sometimes indefinite Style 
simple, peculiar Fiuit a pod or drupe 

The narrow belt of tiopical land extindiug south of the Equator fiom 
Tropical America to Austialia, by way of Tropical Afiica Madagascar, and 
Malaysia, was broken up at its eastern end in Uppei Cretaceous time, and 
still later, it was broken in its central and western portions Many remark 
able groups of genera were developed from the fertile tropical types as the 
result of the severe climatic conditions and pool soils of Australia, South 
Africa, and Eurasia Most remaikable of these are, in the first place, the 
Podalyriei© of Australia and South Africa, which were derived from the tropical 
Sophorene, secondly, the Genisteso of Australia, South Africa, and Eurasia, 
thirdly, the Galegex of Eurasia and fourthly, the Acacias of Australia, Africa, 
and America 

Comparisons of these xerophytic forms indicate that, region for region, they 
are only indirectly related to each other by intermediate forms to be found in 
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the tropics Foi example, the Podalvnene of Australia, South Afiica and tlie 
Northern Hemisphere are related to each other through Sophorex The 
Eurasian types have been dispersed during late geological time, to North 
America by way of Northeastern Asia, and thence along the high western 
plateaus to South America ^ 

AnUqmty of Isolation of Australia — Great geneia, such as Mimosa and 
Calliandra, are absent from Australia but aie present in America, Africa, and 
Asia The peculiar gioup of the Austialian Podalyrieae, compiising nineteen 
endemic genera and about four bundled species, also speaks eloquently of the 
long separation of Au&tialia from Asia The history of Acacia also may be 
summarised in this connection The genus is divided into GummifeiT, 
Vulgares, Filiciiije, Pulchellse, Botryocephalne, and PhyllodineT Species 700 
The Gummiferge are the primitive type, and are well de\ eloped in Ameiici, 
Afiica, and Asia, only poorly represented in Australia and quite absent from 
Europe and New Zealand They lepiesent the xerophytic modification of \ 
luxuriant Cretaceous plant, with bipinnate lea\es even at a time when the 
gieat continents were connected by wav of the tropics The Vulgaies ire tlio 
most important types, numerically, in extra Australian areas being abund int 
in Ameiica, Africa and Asia They ire absent from Aiisti ilia The Filuina 
belong to Tropical America The Pukhell e and the Botr\ oceph il r aie 
endemic in West and South East Austialia respectively The Phyllodine'e with 
about 420 species, are Australiin Of these the Uninerves repiesent the eiilui 
type, and are characteristic of poor, sandv soils The home was TMoitliein 
Australia In the early stages the phyllode was narrow with the midiib foim 
ing the greiter poition The Pleuiinerves appear to be modified Uniner\es 
Both types gradually pushed their way into the deserts, into West and South 
eist Austialia, and into Tasmania The Unineives established themsehos 
strongly in the cooler regions of the south, while the Pleuriner\es with the 
Juliflore, lagged behind ind entieiuhed themselves securely in the tropics 
Both during, and subsequently to, the formation of the great plateaus of Fastein 
Australia many peculiar phyllodineous types were de\ eloped, such as the 
Racemosae and the Tetramerae, and these, in part during the later ghcial period 
moved northwaids along the plateaus as far as South eastern Queensland , others 
a^gain adapted themselves to subarid inland conditions The endemic 
Botryocephalne, also, are in the main a lesponse to plateau development in 
South east Australia dining latei and post Tertiaiy time The western 
alluvial plains of Fastein Austi ilii, foimed dining lite and post Ttitiaiy time, 
gave rise to groups of the Pleiuineives, such as the Micioneure 

In conclusion, Australia has been isolated from Asia for a gieat peiiod, 
and the LeguminosT of the fertile tropics of the island continent are not com 
paratively recent and derivative, as has been stated, but are examples of types 
once cosmopolit in, whose development has long been arrested while the great 
majority of the endemic types are younger and vigoious xerophvtes induced by 
the altered geographical conditions 

2 Ea<itern A^i^lraltan To'poqjuplni and ?/s Efject on the Native Floia 
By H H CAMBvar, F Tj S , de , Chief Mimnq Surveyor, New 
South Walc^ 

The chain of mountains known as the Great Dividing Range extends tbiough 
out the length of Eastern Australia at distances varying from about twenty 
to nearly three hundred miles from the coast line It consists of an u])! if ted 
dissected plateau ranging from about 1,500 to 7,300 feet above sea level, the 
generally lower portions being in Queensland, and the higher in southern New 
South Wales and Victoria In general the eastern face is fairly steep and 
high, and exercises more influence in differentiating the humid climate of the 
east from the drier climate of the west, than does the actual water parting itself, 
which is often only a slight ridge in various positions on the plateau The effect 
of the mountains in the south is to create three climates, a humid and dry one 
on the east and west sides respectively, and a cold one on tKb summit which 
acts as a barrier between two floras which would otherwi®»e commingle to some 
extent at lower levels 
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111 Quctnshnd i geneidlly lowti hunimit of the pliteau, and an iik lease in 
tempeiature owing to the more iioitherly position of the range, permit the 
western or dry influence to cioss the mountains in various places, and allow many 
inteiior types of plants to thrive on the eastern watershed, while the moist 
loving or coastal brush plants are excluded from these invaded areas This 
invasion occurs in the Goulburn River valley neai Cassilis in New South Wales, 
and at such places in Queensland as between Toowoomba and Brisbane, between 
Jericho and Rockhampton, and at other points Where such a mountain passage 
occuis the moist loving eastern floia in no case passes through to the west, 
but in certain instances arrives there bv other agencies, and finds congenial 
surroundings on secluded portions of elevations protected from the west 

The absence of a high range extending along behind the coastal belt in 
Noithein Australia is considered to largely account for the absence of runt ill 
in that locility dining the winter months, and for the sparseness of the brush 
or jungle vegetation 

The obstiv itions in legaid to the elfects of topogi iphv on Ihe nitive floi i 
iiidicite tint the i iinf ill and climate m Eastern Australia arc vujr largely 
legulited by the physiographic features, and the vegetation, aftei illowiiig 
foi differences of soils, is chiefly the result ol riinfall and (liniite It i\ould 
theretoic appear that the removal of the forests would not result in i greitly 
reduced laintall, but would probably decrease the numbci of dimi) days 

J 1 li(((tiHy lJis(()icnd MS hij 1 \mj s Cook Bij JI \iii 

()KDTr\M, M A 


4 'I ho Coasl of New Cahdouitt By Piofcssoi W M Dwis 


o Soiitiuni llasla cnnl Ihc Klondylc By Piofcssoi EL^vooD S 

Moorp 

6 iushalia lU Dis<oicujas evidenced by incient Charls 
By Geo Coi lin( Kiora , Corresponding Member of R G S A y dc 

1 Eiily \o> igcs bv the Portuguese and Spiniaids in Austrilisian w iters, 
nude between the veils 1511 36, but not recorded 

2 Reasons toi not itcoiding bird voyages 
J Austiilii n lined J iv i IMivoi 

1 Dis(ovei\ by authoi, of Portuguese legend on D luplnii C lint 
5 Reasons for distorting eh irts 

C Western Co ists ot Austr ilia diseoxered by the Portuguese 
7 Eistein Coists ot Austialii discovered by the bpiniiids 
b Mam features of discover v 


TlESDiY, AUGUST 2o 

Joint Di^cii^sion mill Seolions C, D, and K on Past and Present Hela 
iions of \ntarctica in their Biologualy Geogiaphual, and Geological 
ispeds — Seep 400 

The following Papers weie then read — 

I Geodetic Surveying in Niw South ales and some Results 
By T F Purser, F R A S y dc y Director of Tugonometneal Surveysy 

New South Wales 

The ibovc Paper describes in general terms the limits leached up to the 
picbeiit by the Tiigonomctiical Survey of the State named, the methods fol- 
]914 GO 
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lowed and the oidei of piecisioii attained, more detailed treatment being confined 
to three matteis which are engaging attention at the present moment, viz , the 
general question of pei iodic eirors of instiument graduation, the relation 
between the height of an observed ray above giound surface and the coefficient 
of refraction, the third matter being a pielimmary comparison of the geodetic 
with the astronomical latitudes, longitudes, and azimuth, for the purpose of 
estimating the relative foims of the suiface covered by the survey and that of 
the assumed spheroid of revolution 

The survey extends between latitudes 30° and 17° south and longitudes 
lt5° and 153° east, loughly including an aiea of 100,000 square milts The 
fundamental object of the survey as a whole is to piovide the positions of 
a senes of points of sufficient accuiacy to contiol the detail suiveys niide loi 
the purposes ot land alienation and administi itive surveys geneially iiid at the 
same time to facilitate map const luction Thioughout the woik, however, the 
necessity has been kept mview of obsciving ccitiin chains ot the tiiangulatioii 
with the greatest precision attiiniblc not only so is to sticngthcn the lemamdei 
but ta iffoid dati foi mcorpoi ition with othei simil ii siavtys in detcimining 
eiith dimensions It' is this piimiiy tiidiigul ition which tho paper dcils with 

Base lines hiM been measuied it Lake Geoigc ind it Richmond, and tlio 
Papei lefeis to the need foi luithci bases of \eiific itinii owing to the exUii 
Sion of the sui\c> In piepiiation loi mcasuicmcnt ot these, invai tipes hivt 
been lately obtained ind stuidaidisid ind the site ot one fuitlici base (riiiietceii 
miles 111 length) deteimiiied on The angle woik Ins till leeently been observed 
with theodolites (Tioughton & bimms) oi eightteii inches dimietei lead by 
tour micrornoteis, but a 270 millimetie Repsold of the type used in the Geodetic 
bui\ey of South Afiiea his now b^^en installed hoi iniiioi details of tho 
methods of obseiving and leduetion tho Pipei refeis to one it id by the wiitii 
in 1898 to the Australasian Association for the Advancement of Science, the 
methods there desciihed having been continued It will suffice heie to stite 
that the mean closing criois of the 171 piimaiy tnangles is i Of! 70 and tint 
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to be 54, which indicates that the woik is of i high oidei of jnceision 

Hie jmichase ot the Repsold theodolite necessitated iii ex iinin itioii ot its 
elide tiiois which has lesulted in i geiiciil discussion ot such eiiois lliis it 
is thought may be of inteicst and his die id v caused eonsidei ition to be given 
to the possible need foi a ch iiige of obseiving loutine As ilieady mentioned 
iiistiuments ic id by foui iiiieioseopes have hitheito been used Iho Repsold is 
It id by two mu 1 use opes Hie mein leading ot two opjiositc niieioseopes is 
affected by peiiodie oirois, p, sin €4) p, sm (2r0 + 6'), 0 being tho eiielcj 

leading It aftei in aic ‘ Ciiile Left* the teleseojie is turned o\ei Tiid swung 
tliiough 180 degiees hcjij/ont illy to jiiepaie ‘ Ciicle Right the me an beiiing 
ot I sigiid deiived tiom the combined obseivations will lemiiii ilteetcd with 
these peiiodic eiiors It is the piactice on the suivey to use five settings of the 
horizontal eiicle, each diffeiing fiom the pieeediiig by 36° The new 
instrument has furnished results showing the large range of 4^^ amongst 
its bearings derived fiom the diffeient settings Although the means of boai 
mgs derived from the five settings are fiee from periodic erroi (othei than those 
involving 100, 200, , it has nevertheless been desiied to determine 

accurate expiessions for these eriois foi various reasons, and particularly with 
a view to estimating the accui icy of the graduation of the hoiizontal circle 
An analysis shows how expressions foi these eirors may be detei mined from 
the observations of horizontal angles From observations made at trigono 
metiical station Rocks to 23 beacons the value -2^/ 19 x sin (20-55°) has been 
derived for the first term, while from others at station Ovens to 17 beacons 
the value found is — 2'^ 11 sm (20—63°) The terms containing 40 and 60 seem 
to have an amplitude of 0// 3 or 2 Combining all the results yet available 
the correction to a microscope reading of the horizontal circle is, as far as 
has been determined, -17" 4 sm (0-f 101®)-2" 2 sin (20-64°) -1" 0 sm (30+228°) 
There is no suggestion 111 this series that the amplitude of the term 
containing 10 0 is of any importance, and it is highly piobable that the five 
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Retting«i of the circle are qnite snfficietit to eliminate in their mean all appre 
ciable periodic eiiors 

In the paper already mentioned as having been read to the Australasian 
Association m 1898 the wiiter refened to an appaient connection between the 
heights of the lines above the intervening surface and the values for the coeffi- 
cient of refraction derived from the recipiocally observed zenith distances 
The extension of the survey since 1898 has given further data which generally 
bear out the conclusions then derived These data and the results are dealt 
with m the present paper In the absence of a topographical suivey from 
which to ascertain the height of each line above the inteivening surface the 
obsei\ations hive been grouped in the ordei of length of line, the assumption 
being that gcnei illy the longer lines aie the higher Another grouping has been 
mide in \\Tii(h account his been tiken ot the height above sea level on the 
assumption that the highei regions aie the moie hilly and that there the height 
of the riy ibove suitiee is the greater Roth gioupings wcmld seem to indie ite 
th it where information as to the highest above surface is lacking var>ing 
iocfti( rents of refraction ma^ be assumed according to the lengths of the lines 
ohser\ed Diagi ims arc gi\eu showing the \ariations 

1 h( suivey has been computed from the Sydnev Observatoiy (Lat 
31° 51' 41" 1 S j Ij<mg 151° 12' 21" 1 h ) as origin A map accompanying 
the P ipei shows the extension of the suivev thciofrom southerly about 240 miles 
to the Vicioiiin bolder, wheie it connects with the tri ingulation of Victoiii 
Wfsteily about 360 miles to tho limits of the almost flat conntiv of the inteiioi, 
ind noith wcsteil> towards the Queensland border a distarue of 240 miles 
rht m ip shows also the diffciemes between the geodetu latitudes, longitudes 
and azimuths as dc lived fiom the issumed eaitli dimensions (a modification of 
the Cluke 1880 spheioid) and the coiiesponding latitudts &c obtained bv 
astronomical obscivition '1 best show the effects of local deflection of the 
veitK il ( iiised by iiregular distiibution of suifice missis Rioadh, New South 
Wiles mi\ foi om piesent pm poses be siid to be divisible into three zones, the 
littoi il of liom 20 to 60 miles m width using from sea level to 2,000 fiet in 
height , at the rcu of th it plateau 100 miles in widtli vaiving fiom 2 OCX) to 3 0(K) 
fiet in height with mountain masses up to as much as (in the southern extremity) 
7 000 feet and westward of that a more or less gentle western slope to inteiioi 
plain couiiti^ As the lesult of the itti action of the cential elevated mass ind 
of tho defect of gravity of the adjacent occin it would appear that ilong llu 
coast there is a geiicia’l eastw iid deflection of the zenith of about 10" with i 
coiiesponding westwnd deflection on the western slopes ranging up to is mudi 
is 17", hilt giadiiillv diminishing as the flit countiv la reiched In ISOs, , 
geneial leduction of the data then available was made for the puipose of obtain 
irig an idea how fii there was conformity between the actual sin face and tlu 
issiirncel spheioid but the suivey was then too much limited to the e istein 
slopes to affoid satisiictoiy evidence With the subsequent extensions of the 
smvev how m 01 , a miicli nioie iisetul discussion of tho subject is within loaeh 
and it was hoped that by now hises of veiification on the outskiits of the woik 
would have been inei«'urtd when it would have been possible to lediico the 
whole woik with the object of eii ihling sueh a discussion to be midc 


2 Thr Sanfl T)u]i Prohlrw on the Fa^lcrn Coa^t of Australia Btf 
(j TT Hvrjjrw, F G S ^ Tmpcrhnq F)Ufinocr ciuil Thf(hoijraphci 
NSW 

The scientific, as well as the commercial, importance of a full knowledge 
of the direction, volume, and velocity of the movement of sand on the eastern 
coast of this continent is sufficient vvairant foi the laboui and cost expended 
upon it by the author during the list thirty yeais 

There is undoubted evidence of tho sinking of the eastern coast of Austialia 
during recent geological time to the extent of 200 to 300 feet, and the natuial 
result was to leave a veiy uneven shore line, with many outlying islands, deep 
bays, and lyioky eajies TT id there been no ooein ciuient, lunning pai illol 
to the genei il tienel of the sliore, the sand and shingle, lesulting fiom tho 
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di«iintegiation of tho 1 ind hy diomiiil meteoiolngu il md niodiinicil moiiis 
would, ot couise luave luen distnbuied by tidt*? and w ive^ ind would liaNO 
foimed sandy beaches in the immediate vicinity of then ongin The foim of 
the beaches in the neiigbbouibood of granite, basalt, shale, or sandstone would 
ha\e been leadily recognisable, but such conditions do not exist, ind the 
luthoi endeavouis to show that the resultant outlines could not assume the 
contour of the present shoie line, but are the naturil consequence of i con 
tinuous tiavel of beach mateiial in one diiection 

The Eistern Austrilian current, which first stiikes the Austiiliui coast 
between Hervey Bay and Moreton Biy, has a velocity of from one to two 
knots, with veiy little seasonal variation Some of the salient points on the 
coast tend to produce eddies, which have the effect of chingmg the outline of 
the sandy foreshore and diverting the course of the riveis, but, in the main, the 
direction of sand movement below high water must, in consequence of this 
current, be from north to south 

The effect of the travelling sand impinging upon the islinds and reefs, and 
its aiccumulation in the form of b inner reefs, hooks, and tongues, &c , are 
desciibed, and the result shown on the accompinying nnp The m ip shows 
the bound 11 \ of the old locky coast at the time the list subsidence of fiom 
2()() to 1()0 feet took place ind its lelation to the existing fou shoie 'I he 
inteiMMiing spice is paitlv oi entiiely filled wuh siiul of minne oiigin 
iltliough (oieitd in places with sevti il feet ot humus whidi tcums some ol 
the i idlest 1 nid of oui coistil irei 

On ceitain ])nts of the coist the sandy beiches tike the foim of tlie Oieck 
lettei ‘ /et i, the lesemblince becoinino less is the speed of the luiieiit 
dee leises 

The significinee of this ‘7eti ' enive in its lelition to hiiboui engineenng, 
his been lefeiied to bv the luthoi in inothei pipei, is ilso the necessitv loi 
diffeientiation between ocein and tiel il cuiients is they iffeet sind moienient it 
iivei indhiiboui entrinces 

The volume of suid ti ivelling down the eoist his been computed fiom 
meisuiements mide it the Claienee Kivei enti nice ind it Poit Kembla lud 
the effect of virying weithei conditions upon the movement is lefeiied to 

Some me isnienieiits of the si/es of the sinclgiiins md tiuii geologic il 
oiigin lie, given, foi the pui])ose of supplving diti foi lompmson with similn 
an IS in otliei pirts of the woild 

1 C(ni1ia1 Uislraha (unl ils Pn^siluhlip^ By W TF Tttikfns 

Tint put of Austiilia to which reference vvis made lies foi the most put 
between the parallels of 24 deg 20 min ind 10 deg 15 min South Lititude, mil 
between 123 deg and 131 deg East Longitude, embracing an aiea of ibout 
^78,000 squaie miles, considei ibly greater than the iiei ot New South Wales 
This immense aiei may be desciibed as a sinely depression, in pliees peihips 
not much above sea level, wheie the s ind hills or sand dunes in some instances 
may be IfX) feet high, and it has been called the ‘ Dead Heart of Austialia * 

So much his been done in reclaiming these so called desert tracts in other 
countries that it would be well to turn oui ittention to the enormous aiea it 
our door These sandhills oecur in confused gioupings also in ncaily piiillel 
ridges, but these will not be found to prevail west of 127 deg East Longitude 
West of that meridian, with few exceptions, the country is more level — soil fiim 
and hard loam, nodules of iron stained gravel, robust vegetation, spinifex, 
mulga, desert oak, and other Casuarina The object is to point out from 
personal knowledge where such schemes of irrigation can be best effected, and 
which, if carried out, will in time develop and make profitable that which has 
hitherto been regarded as a desert waste 

Possibilities are suggested from the fact that native wells are sometimes the 
remains of mound springs These springs, we learn, are the natural outlet of 
artesian waters, and from that it would seem that the artesian basin may here 
be nearer the surface than has hitherto been observed in Austiaha 
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Si CHON F-ECOINOMIO SCIENOE \ND STVllSTiCS 
Pklsidi M 01 iiiL Slohov — Piofessui E C K Gonnik, M 4 


Ml LBOURNL 

iiniJii, iuaubr u 

Iho l*Ubidiiit (itluLitd the follow iiig Addiess — 

Ihi* subjed whuli 1 wibh to discush to diy his bieii dtteimnitd foi me by the 
I iieumstiiues of the piesent meeting ot the Biitish A^ssotntioii iiid by the tinul 
of modem etoiiomu btudy diui leseiuh We die meeting toi the hibt time heie 
gitluied togcthei fiom distant and dueise ])iits of the woild, uid in this 
Seition at iny late we shall be diseussing jiioblems similai in ctitain lespeits in 
oni \arions toimtiies but unlike in othei lespetts owing to the diffei ernes between 
thobe countiies It is a foitunate ciieunistance, because it is laigely by meins ot 
an inteiehange of views and expel leiiee acquiied in such diffcient eiiviionments 
that tiue knowledge can be surely attained On the othei hand, it can be said, 1 
think, without any exaggeration that of the economu studies of the last twenty 
yeais none have been more fiuitful in lesult thin those which hi\e dealt with 
economic devilopment is it his taken place in the past and is it is taking place 
in tlie piesent Rconomii laws, which, after ill, ne but gcneialisitioiis of the 
iclitions between different f ictois oi of the lelations which exist between 
ceitiin causes and ceitiin consequences, aie studied increisingly in connection 
with paiticulai periods, movements, ind countiies New foiccs ind new 
fi ituies piesent themselves, and with then intioduction we peiceive a chinge in 
Ksults lliis it once teiches the lelitivit^ of many etononim m ixims ind 
stitements ind dispioves the assumption, which at times some have been pi one 
to mikc, tint all n itioiib ind all countiies undeigo a imifoim piocess of develop 
ment ind lespond in i unifoim w ly to iny given action oi policy It thiows 
borne light, too, upon the natuie of these laws ktonomic ’nvb iic not invali 
dated because conclusions altei as premises alter But, on the othei hand, such 
changes necessiiily bring with them alteiations in the lules laid down foi 
pi ictical guidance 

We come then to considei the naiticulii economic featuies which characteiise 
countius passing thiough the eaily stages of economic evolution during modem 
oi recent times Such countiies, it need haidly be said, stind in a maiked con 
trast to the oldei countiies which sui round ind confront them and which have 
all already passed into furthei and more advanced stages Tliey differ also in 
their economic circumstances — and this is what needs special emphasis — from 
those same countries when in the primary stage of growth in the past 

But to bring the matter within the limits of an address it is necessary at the 
very outset to define a little carefully the scope of the investigation New 
countries differ greatly among themselves Speaking broadly, they fall into three 
chief gioups There aie tropical countries unfitted for white settlement and 
marked out by then characteristics for a very specialised development Again, 
there are countries like some of the States of South America where, owing to 
paiticular features attending settlement, or to climatic and other cinses, a 
giovvth it all compdiablc to tint which lias taken plicc in Western Euiope is 



464 


TRANSACTIONS OP SECTION P 


retaidcd it evei piacticdble Lu.st\y, ^\e tome tu lands like Ciiiida iiid Aiisli ilii, 
and with these may be included the United States, wheie considci ibk siniiliiity 
to the older countries exists alike in antecedents, ciicuinstances, and prospects, 
though in each case theie aie undoubted and specific economic dilfeienccs 1 
purpose, Uieiefore, while not wholly excluding from oui suivey countries of the 
two former types, to direct youi attention in the main to the last mentioned type, 
in the hope that by an examination so defined, and a contrast of countiies of 
this Older with the old European nations, some lignt may be thrown on the 
causes underlying the more sti iking dissimilaiities in development 

Before, however, the economic featuies and diffeieiices distinctive of new 
countiies are dealt with, it may be well to say a word oi two is to the geiitial 
course of early economic growth in England and other Euiopem countiies 
Ihree featuies call foi particular mention In then eiily stiges these lattei 
countries were free from any continuous exteinil cont ict and inteiferencc, then 
relations with eadi other and the outer world weie slight, or it any rate not 
such as to fundamentally determine the direction and nature of then develop 
nient*, they had to meet then own wants and to do this by meins of then own 
resources Secondly, during this period the nation itself was composed of sniill 
and almost self subsistent and self contained groups Listly, economic methods, 
social ties, and intellectual attainments were on the same plane, being simple 
and, as we now should say, backward or primitive 

When we turn, however, to the iiosition of new oi young countries either at 
the present diy or during recent years, we art met it once by features which 
stand out in significant contrist to those sketched ibove Not only are such 
countries in the eaily period of evolution, but they ire in continuous contact with 
other countries, and, moreover, with other countries which are in i very different 
stage of development A gun, they are young countiies, in some instances 
inhabited largely or wholly by people, in other cises guided and controlled by 
leaders, modern in every respect and sharing to the full in the science, know 
ledge, and ideas dominating the older countries I urthermore, both then soci il 
and their political features are modem, on the one hand, these aic not of the 
type which in the past were issociated with the early stage of growth, on the 
other hand, the countries themselves are much less affected than are older 
countiies at the present day by traditions and customs whidi, despite then origin 
in the circumstances ot bygone days, still continue to influence the life of the 
piesent In other words, they are less helped or less hindered by h ibits of long 
formitiun But these somewhat gener il considerations aie but pitliminiiv to a 
closei ind more caietul analysis of the puticulii economic conditions which be set 
countries now in the enly years of giowth 

Instly, such countries, even in the eailicst btige, iic univordihly in close 
lelitions with couiitiies which hive attuned i more c labor »tc growth ind 
organrsation commurircation renders rsolation impi icticablc, ind every ^cai tlic 
meins of communication increase It is a question, not of intention il inUilci 
ence, but of that inevitable influence which nations in close relations bung to be n 
upon each otlier Nor is it a question of onesided iriHucrne Older ii itions 
have been and are affected in their economic policy and oigani&itiori by tlic 
discovery and opening up of new lands and by the events taking place in them 
Still, it IS probable that the influence of the older established woild is more 
powerful, so far at any rite as the direction of economic progress is conceinod 
Be this, however, as it may, it is this aspect which occupies our attention at the 
present moment The effect is particularly apparent in trade and industry 
Needs, in other woids, are not dependent for their specific satisfaction on the 
internal resources and productive activities of the particular land, and this, 
while important in all instances, is of great moment in the cise of a countiy 
which, as yet without opportunity to develop its powers, is seeking, as it weic 
tentatively, the best lines of advance It is peculiaily open to infliicnces of tins 
kind, because its organisation is not firmly established When the social stiuc 
ture IS less complete and the direction of development unceitiin the iisk of 
future and permanent advantages being outweighed by present gain is enhanced 
Secondly, in the opening up of resources, the foimei dependence on tfic 
inteiiial poweis of tlie countiy has been essentially modified Both ca])ital ind 
labour can bo obtained from outside This, of course, quickens development, 
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blit at the same time it may affect its direction Certainly it introdiues many 
flesh pioblems, and sometimes these are very diffienlt problems Taken as i 
whole, it leids to a veiy ia,pid or sudden development, an aspect of peculiai 
importance where what we call native races are concerned Quite apart from 
certain evils often associated with such alien intrusion or dominance, and apart 
too from the shock occasioned by the introduction of foreign standards and 
customs alongside of or in substitution for old usages, such people often have 
manifested an inability to stand the mere pace of modern progress E\en when 
we come to white races, the results of the rapid pi ogress which occurs when 
natural resouices are rich are open to adverse ciiticism Again, it may lead to 
too great a concentration on paiticular methods of production and particular 
occupations, to the exclusion it may be of othei methods and occupations which 
ultimately miy be more advantageous Again stable customs and social ties 
aie more difhcult to form when industiial development is hurried In addition 
to these, other special difficulties manifest themselves in the respective cases 
of alien capital and alien labour in new countries feo far as capital is concerned, 
the case vaiies accoiding as the introduction of foreign capital is or is not accom 
p lined by the introduction ot those who contiol the employment of the capitil 
ind so the iiidustiies in which such capitil is used Even when alone an interest 
on the pait of outside nitions is often awakened which is not wholly health\ 
extending sometimes to ittempted political influence, though this, it should 
1)0 Slid, is not of fuquent occurience except in the case of countries laigely 
nitivo oi seminitivo oi occupying a very backward position in the scale of 

civilisation ‘sometimes, too, it mav occasion the premature exhaustion of 

puticulii souices of wealth, or at any rate rather in the interests of foieign 
c ipitalists than of the inhabitants themselves But m the case of the moie 
bickward countius, and especially of countries wheie climatic conditions pieclude 
a white population occupied in manual work, it his usually meant the intio 
dnction of i class, conti oiling capital and organising industiy, and yet entiiely 
ilicn to the main body of mhibitants Such a situation undoubteclly imposes 
a gieit lesnonsibility on those in whose hands lies the social and politic il govein 
ment of the countiy, a responsibility still grciter when the oiganising cl iss 
docs not settle down, but comes and goes m a bewildering proces 

Sion Biitisii India and the Dutch Indies furnish illustiatioiis , and, to some 

ovtent, the effect of such i tendency is to be perceived m ceitain pirts of South 
Amciici Noi lb the immigi xtioii of Ubom from othei countiies less complex 
oi less potent in its lesults >'^uch labour comes fiom many sources and vanes 
gicitly in kind A clear distinction, however, must be drawn between white 
1 iboui not essentially diffeient from the existing white population ind 
moie 01 less skilled or otluivvise adiptcd to good manu il woik, and, on the otliei 
hind 1 ihoui of a lowei tvpe often iiciilly distinct and in some cases biought in 
owing to its dim itic suitabilitv So far as the former is conreined, immigiation 
IS T lulc is ittendcd with few difficulties othii tliaii thobc of a simple ecoiiomu 
chn icloi 111(1 moie oi less tein})oi iiy in then nituie \ leidv meins of stimii 
1 iting incliistiiil development is piovided ind the eountiy is supplied with 
skilled idults without the cost of education and upbiinging But the lesults ot 
imungntion of tlie second typo of libour ue less simple The genei il question 
of innnigi itinii indeed may be looked at fiom thioe points of view Fiom 
the ispeet of economic employment, immigiation often iiivoKes imiiudiite com 
petition with the 1 ihoui alieady in the country oi coming foivviid with the 
noimal incicise in the population But in a new and piogiessive countiy with 
nnny openings foi new developnunts such competition is seldom hiimful In 
the long lun the libour creites its own field of employment and conti ibutes 
tow aids the general jirogiess At times, it is tiue, the supply may be m excess of 
the demand, and any particular kind of Hboui may continue to stream in long 
after the need for it has ceased But this can be remedied best by the wider 
diffusion of accurate knowledge as to the conditions and necessities of the pi ice 
in question Positive restriction, if attempted, may do harm by obstructing 
supplies of liboiii when needed in the futuie When, however, economic 
stand irds of living aie consideied, the kind or type of labour in question is all 
impoitant Oidinary white lafcoin enUiing a country alreidy peopled with white 
men offcis little difficultv But neiily ill nitions hive cncounteied difficulties 
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when any considerable immigiation of libonr occurs trom countries wheie the 
standard of living is essentially and, as it were, peimaneiitly lowei, and these aie 
rendered graver when accentuated by difference of race In old and new 
countries alike the entry of a low type of foreign white labour may bring about a 
lowering of the general standard in certain industries or certain places, with 
harm, not necessarily limited to the district or employment in which it settles 
Still, apart from the more geneial considerations of policy, interference would 
probably involve restriction of the more desirable type of labour already dealt 
with and thus be economically disadvantageous The cabe of coloured labour 
IS admittedly different even in this respect Standards vaiy and the racial 
barrier seems to prevent their speedy adjustment But the difficulties of the 
whole mattei are shown more clearly if we turn to consider immigration in its 
relation to general social progress and political government Here the mam 
point IS the possibility of assimilation How far or how easilj^, it is asked, can 
such new elements be absorbed into the general life and made an integral part of 
a homogeneous population’ Now, it is not my business to discuss the question 
in detail, still less to examine any particular policy which may be advocated oi 
which may have been adopted All that is necessary is to note this difficulty and 
to emphasise its existence in the case of new countries and especially of those 
countries oi places wheie labour of this type is required oi attiacted by leason oi 
climate or othei like causes Two considerations may come into shiip cniiflKt 
on the one hind the rapid production of wealth may be issisted , on the othci 
hand, serious effects in lespect of economic progress, nitionililv, ind oideih 
giowth niiy be exi>eiieneed 

In no countiy, it should be idded, has the question of the suiqilv of liboui 
fiom outside played a moie impoitant put in economic histoiv thui in 
Austialia Dining the earlv period not only w is it one of the influences uhich 
tended to the continuince of the tisnspoitation system but it w is if not the 
chief one of the two chief f ictors in the policy of colonisation ind settlement 
devised ind idvocated by that veiy distinguished man hdwiid Gibbon 
Wakefield In moie recent vesis it has been issociited with state \ssistince, 
ind ilso with foims of indentured liboui And it lern iins one of tin luobUms 
befoie the countiy 

Ihiidly, modem methods ind moduli science ire ipplied to piodintion even 
in its euly ])h ises to agiiculture and the extnctive indiistiies as well is in 
tilde iiul minufactuie The consequences uc both m my ind gieit R ijnd 
ind sudden giovvtb is rendeied possible, but this, vs ilieady indu itcd, lesults 
in const queue es not ilwa'vs or wholly adv int igeous Such cllccts ne the moic 
evident when the n itiii il lesonrces of the country uc iich hiiithc imoio, whin 
such occiiis theie is in in\ uiible tendenev to substitute 1 irge sc ilo systems of 
])iodiution for the smillscile systems chai icteiistic of procluction in the jiist 
when in in eailv stage, ind this is not without significince both economic and 
])ohtu il No doubt this is of gi eater moment when a development of this 
Older tikes pi ice in a land peopled by native races, who iie foiccd is it weio, 
into a system wholly alien to their sotiil suiroundings and one which they fill 
to understand There is a disistrous iiicongiuity between then method of 
employment and their social enviionnient Though of loss it is still of some 
impoitince when the population itself is modern in civilisation and outlook 
To some extent, but only parti illy, they inlieiit fiom then ancestois iii other 
1 inds the lessons slowly acquiied in the time of smill industiy and occ-upation 
On the other hand, there can be no doubt that the more i ipid progiess due to 
the reasons given, accompanied as it is by greatei vicissitudes, offeis i moic 
generil opportunity of success to those willing to work hud thin is possible in 
other countries Ripid progress always tends towards tins end, and it does so 
the more especially when the organisation is more flexible and less marked by 
custom Not only is the field itself wider, but the changes in the field are moie 
frequent 

The difference m economic development, thus briefly depicted, implies, it 
must be remembered, a somewhat parallel difference in administrative and 
political life If we take such a country as England, small scale iirodiiction 
was part and parcel of a system in which sin ill local communities giew up 
practically self contuned ind sell governed Tims the strength of the Govern 
ment rested laigely on loc il administi ition which mide its influence felt in the 
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gonoral and tentral idmimsti ition Rut in a young country de\ eloping under 
modem conditions the system of locil idministi ition is consciously devised 
It rather derives its existence from the cential Government than furnishes the 
material out of which this latter is gradually evolved 

Fourthly, a modern new country has before it the example of older countries 
which, after passing through the phase in which it is, have developed the more 
complex economic system towards which it is tending Their conditions and 
institutions record the results of forces which, though nascent in it, are 
yet in opeiation It may have something to imitate, it certainly will see much 
to avoid This is tiue from many points of view It is tiue in a technical 
sense Everyone knows the importance of ruthlessly sciapping plant, but there 
lie parts of the national plant, as it weie, which cannot be sciapped Though 
neither the English railwavs nor the English canals if laid out anew would be 
constiLicted on their piesent lines, they are too elaborate and costly to be 
destroyed and reconstructed It is equally, if not more, true when we consider 
the industriil system in its more geneial aspects In this instance we know that 
Geiminy, to tike an instance, enjoyed one advantage because her development 
follo\\ed ind was not contempoi iry with, industrial development in Engl ind 
IVrh ips it IS tiuest of all in respect of the sociil consequences of industiial 
development lake, foi example, the large cities and m inufactuiing districts 
111 the old coiintiies with all their sociil pioblems, housing, sanitiiy and 
MKiil A (oiintiy in the eiilv stages is in this trulv ad\ antageoiis position 
th it ution in its cise meins pie\ision ind not lefoim Hence the ciucial 
imjioitame it the pit suit time, in such i country is this of the lowii Planning 
move mint Agiin, theie his otcuiied, in those lands in which manufictuie 
his in idt its gieitcst strides, i giadiiil exodus fiom the inril distiicts piitK 
no doubt beciuse of the Ingci wages to be obtained in the towns ind industiiil 
di-.tii(ts, but paitly owing to a pist, if not present disieigiid of agiKultuial 
iiiteiests ind to tin compiiitive luk of attraction in the loimtiv It may be 
looking iheid to suggest' tint siuh m iv iffict a counti> like Aiistiiha, but 
tiiiu hiiiigs in in> chinges In iny c ise the time to jiioMde igiinst a mo\ement 
sinh IS this IS not when it has acquiied foiic, but wlun igin iiltiiie is pios 

pcioiis ind he foie town life his iHgun to exeit its cmioiis line on the 

popul ition 

Iittlih ohh 1 n itions lx i ime ciitu il and self conscious it i compaiatncK 
1 ite stigi in tlnii histoiv tint is iftci customs hid been foimed and stiiutuie 
hid lost its foimei fltxilnliti In such cases lemedial movements and changes 
howe\ci wisdv iiiiti it< d emountu i nituiil ind quite compiehcnsible consei 
vitive opjxisition Whiteici tin ii possible g iin in the piogiess tow iids this 
(hstiuction IS inxolnd Noi is it incoiuct to conclude tint in m in\ instinccs 
the iminediite ind ceitiin losses rightly outweigh the pioblenntR if iiltimite 
idvintigts 11 otluiwist is tin < isi in i new nnintiv wheu tlu ptiiod ot self 
(onsnousfuss begins with the ciilv diis of giowth, and conscious action tow iids 

i given goil Ins in t isiei pith ind sufftis less fiom the knowledgi tint it 

mu^st distio\ 111 oidci to uhieve Even if sociil expciiments fail in such 
(oiiiitius thc\ lost less thin they would iii countiies moie stible and inoie 
fiimly based in Inbit ind ti idition Of course, theie is loss as well is gun in 
this In the one tvpe of countiy theie is gieitei stibilitv, in the othei gieitn 
confidciue oi com i,ge in novel directions 

L istl> and following to some measure on what Ins just been said we have 
to tiki into iccount the smiller put played by social conventions in the 
economic life of new couiitiiis In oldei countiies, piimiiv development took 
place iindei conditions as to social life and oidei not due wholly to economic 
ciuses but often iiising fiom reasons which existed outside that domain Social 
position, accepted without question, ind forces like ciste, lather indicated what 
vinous clisses weie to do thin giew out of the necessities or natuie of then 
icspective occupitions No doubt some coirespondence w is requiied snue 
legulitions unsiiited to progress led to the supei session of the races less ipt to 
meet the needs of the time, ind so the usages which suivived boie the stimp 
of economic fitness Still in the main, economic activities i ithei tollowed thin 
(leited class divisions .But the economic situation changed and thus in litei 
vens we hive the (uuous spec tide ot distinctions which hive snivived fiom 
the pist ind with time lost much of then meining lingciing on side hv side 
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With class distinctions lesting wholly on economic success Tn a new country 
not only aie tiaditions weakei, but from the beginning economic success pliys 
a larger put Thus, social prejudices as to the standing or respectability of 
varying occupations are less strong Again, owing in part to circumstances of 
this ordei, work of some kind is to a larger extent the normal lot of all, a 
feature which cannot but plav a great part in the development of the country 
The existence of even a small idle class is anomalous On the other hand, there 
is the inevitable drawback that material success, or, to put the matter bluntlv, 
wealth, has less to counterbalance it than in lands where traditional position 
still holds a place It is quite true that in England the same or a like tendency 
has been niaiked in recent years No doubt, too, this danger, and it is a very 
real danger, is best met by the erection of fiiiei ideals and loftier standards of 
conduct and attainment than are furnished by considerations of birth and 
traditional position, but meintime, and pending their growth, the lattei, at any 
late in old countries, does something to lessen the impoitance and influence 
attached to wealth as a thing in itself E\tn in new lands, such as the United 
States, ,/ind no doubt to some extent in Austialia they are not without a ceitun 
influence, but tliev aie in an alien atmosphere Hence the particulai impoitance 
of the cieation of a leal standaid of cultuie and peisonal excellence 

Hitheito it has been mv task to state and desciibe the chief economic 
paiticulais with legaid to which countiies of \aiious types differ It is now 
necessaiy to examine these in othei wa>s and especial Iv as to the influence 
which taken together they exeit upon the economic piogiess of what we hi\e 
called new countries To do this at all fiuitfully necessitates then consi delation 
with legard to three matteis — namely, the diiection of economic develoimif nt, 
the industrial organisation, and, lastly, the nitional life and chaiactei 

The fiist question to put, then, is the special effect of these factois upon the 
economic occupations and inteiests of such countries The natuial answei which 
will occur to any economist is that countries in close contact and engaged in 
trade tend to de\elop those industries and occupations in which, as compared with 
others, they enjoy special advantages or stand at the least disadvantage Such a 
distinction or di\ision of indnstiies, of couise, exists between foieign nations 
and IS the basis of the theoiy of inteinalional tiade But in the case of young 
countries its feitures and consequences are accentuated and bear a particulir 
significance with them it means that almost inevitably and before manu 
failures have been initiited, let alone de\eloped, they will enter upon a couise 
complement aiy, as it weie, to the occupitions embiated in oldei countries and 
coiiesponding to the needs of such countries, the direction of their giowth 
being deleimintd by the intei action of extern il needs and tin ir own natural 
wealtli Ihis is in the mam the so called ‘ infant industiies’ ugumtnt, but it 
IS impoiiint to observe in detail the manv causes which in ike up the stiength 
of this when applied to the case of -young industries in i new country The 
eiri nniht inces of such countiics usually offei peculiai ad\antages in some one oi 
other branch of agriculture, sometimes, too, in mining If the c isi of igii 
culture be taken, such countries possess, as compaicd with oldei countiies, 
abundance of land in piopoition to population, while in addition the soil is 
new md often iich The tiuth of this may be seen by a leferenco to Austialia, 
Cinidi, the United States, Chile, and the Argentine In all these the igii 
cultuial advantages, and in some those connected with mining, aie gieat 
Consequently foreign capital is attracted into these directions and suitable 
foieign labour is needed and obtained Sometimes in the case of settleis the two 
come togethei 1 he great stiength of agricultuie in these instances lies in the 
application of modern scientific methods of farming and the use of machineiy 
where land is plentiful On the other hand, new countiies are unfavouiably 
situated foi the piosecution of manufacture Not only would they encountci 
the competition of manufactures already long estiblished, highly organised, 
and victorious over the initial difficulties involved in such a development, but 
they are lacking in two great requisites They lack a population trained to 
manufacti re and with some degree of that acquired skill which is 
attained from an industrial environment Further, manufactures depend to a 
gieat extent on the degree of general organisation in the country as a whole, 
which includes, not merely skill, but the development of those conditions and 
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nitaiis wliith ml iiecessdiy to highly skilled mdustuts, piuvidiiig it with icddy 
c linage, oigdiiised markets, and ciedit Such a system is only cvohed slowly, 
and 111 its absence, oi while it is weak, the stiuggie foi success is necessuily 
bevel e Undei such ciicumstances the line ot least resistance is obvious and 
the forces of individual action and ot competition diive a new country 
into this diiection At this date it is foitunately necessaiy to deal only with 
the normal foices which bung about what has been called a complementaiy 
development in new countries Still, it must be remembered that iiom time 
to time suggestions have been mide which aie, to say the least, icminiscent of 
the ideas undeilying the old ‘colonial system,’ which sought by political 
measures to compel colonies to develop along these lines, that is, s<j f ii is the 
ciicumbtances of the time in lespect ot locomotion and ( iiiiigc allowed 

Hie eiiois of the old ‘ colonial ’ policv may seem evident to us, but if so, it 
lb because they weie emphasised in itb disastrous consequences 

When scientific colonisation came into debate, with the niiicti eiith tciitui\, 
there was no thought of attempting any levival of the system just alluded to 
On the contraiv, one of the hist subjfcts to attiact attention was the iiossiblc 
undesii ability of too onesided a development Ihib was looking at the mittei 
tiom the point ot view of the new countiy itself To some wiitcis gieitti 
\ari(ty of occupation appeared advantageous, and with this end in view schemt s 
weie piopounded for the establishment of town settlements iiid otliei foinis of 
industiial development 

Both old ind new countiies may be slid to suffei undei disadv iiitiges in tins 
lespcct, but the dis idvantages point in diifeient directions Ihc m iiiitcinncf 
and extension ot luial life is demanded iii Bnglaiid foi instaiue, wheieas in in w 
1 inds the demand has been expitssed foi the ein oui ii^i ment ol maiiiilntuM 
Alike from the economic as tiom the moie geneial point of view, the developnunt 
side by side of activities so different in then direction, and so admiiabl^ fitted to 
supplement each other in their mfluenci on lutional hit, niav sum desiiabh 
In a community, as in an individuil, many elements aic icquiicd, and these, 
it niiy be contended, can be peiminently seemed only by a variety ot occupations 
iiid interests Though this is i mattci foi aiguinent, heie it is sulhiniit to 
obscivc that the question exists and that with it is i used the advisability oi 
inadvis ibilitv of stxte iction to pievent too gieit i concuiti ition m one diiec 
tioii and to tostci othii occupations wliith, howtsii gn.it then success niiy 
be when well est iblislied, have little or no chance of suimounting the difticulties 
ittcnding them in the eailiei stigcs 

When wc tuin to industiiil oiguiisitioft ind tsjRtiillv to tlu question of 
the idations ot liboui and cipitil, ccituii mitttis miy bt biulh nnntiomd 
ind then dismissed In sonic new countiKs foicign c ipitalistic iiitcusts pic 
doniinate and introduce difluiiltus paitly tcoiioniK and putlv politu il iii 
iliiiietti Again, the entiy ot low giade liboui and j) ii tiuil ii Iv ot colointd 
1 iboiii (loiUs tlie peeuliai dingus whuh ittcnd i iigid md tspii i ill> i i n i il 
sipaiatioii between different economic clisscs Hcie agim tlu piobbins lu 
paitly economic and partly politic il But these, though undoubtedly gi i\e 
matters, aie somewhat special and by no means uuiviisal in luw couiitius 
It is more impoitant, then to considei how f ii the geiuiil piobkni of the 
relations between capital and laboui is likely to be affiited b\ the paituulai 
characteristics which have passed undei icvicw 

A greatei emphisis on the lights and claims of liboui is only to be expected, 
and IS due to various causes Ceitain of thesi are pnticuliilv impoitant 
There is a smaller body of liboui iii a position of peisonal dependence, a factor 
greatly accentuated by the oppoitunities of change which piesent themselves 
So there is a greatei independence of attitude Again, woik and economic 
occupation play a very laige pait iii the general life of the countrv When 
such IS the case, public attention, and so genei il interest, ire ittiutcd to thi 
conditions and the umuneiation of laboui This attitude should be carefully 
distinguished from that due to the humm sympathies awakened bv the spectacle 
of distiess nid niisiiv It shows itself less m ittempts to allcMitc peisoml 
suffciiiig ind moic in tlu dckiinin ition to sciuic foi liboui whit is loiisidcicd 
to be its iightful position Justice i ithi i than nieiiy is its chai n tciistic 
On the othei side, theie is no great miss of inhciited tiaditiuns It w is 



460 


TRANSACTIONS OF SECTION F 


explained befoie that social oi class tiaditions aio derived, it iiiy t itc iii 
part, fiom a time when position was due less to econoniu icasoiis tlian to 
causes inherent in the structuie of society These leniain on in a changed 
economic enviionment, with the lesult that ceitain giadcs in the economic 
hieiaichv tend to become the paitial monopoly oi piiticulai classes Hence 
a sepal ation and a tacit opposition between ceitun classes with then economic 
development and other classes Countiies which have escaped the eiilier stage 
are less affected by consideiations of this kind Fuitheimoie, the pit sent 
industiial condition of oldei nations is not without effect as an example Ihe 
public evils of low paid liboui biought up in bid suiioundings aie an illustra 
tion of what is to be avoided It is coiicctlv seen that it is easier to anticipate 
such consequences by avoiding the conditions which lead to them than to 
lemedy them when pioduced 

There is aiiothci ciicumstancc whicli, though by no means univeisal in m w 
countries, tends in the same diiection The effect of diffeient systems of land 
owneislup and occupation u])on tlie position of laboui c ills foi ittention in 
countries of all dt sciiptions Speaking genei illv, it may be said tint fuc 
access to the land ind the ixisttncc oi small owiuiship, oi to a less degite 
of other meins of small cultivation, add to tlie fieedom and inciease the 
independence of those employed, not only on the lind but in ill oci upations 
In tins lespcct thcie is no doubt much difference between countiies oi the kind 
undci discussion Still, on the whole, the gu itei ibundance of lind is com 
pared with iiopuUtion and the letentness of land kgislation offti in siu h 
countries a widei and a bcttei alternative to mdustiial and othei wigejnid 
emplovments than exists in scvcial of the oldei iiid moie settled nitions, and 
hence incieases the indtpendeiuc of the clisses conteintd 

On the othei hand, ceitain of the ciicumstances which give sticngth to this 
movement on the pait of liboui afftet in i muked w iv its natuii iiid its 
couise Better oppoitunity and less iigid sepai ition between industiiil classes 
will bung with them in the long iim a sound appieciation of thi miny ind 
vaiious factois which combine in economic development The tiidy use into 
piominence and powei of the labour movement at a litc date in the develop 
ment of old nations involves one very real dangei which new countiies have, 
at any rate, the oppoitumtv of escaping With the existence of a maiked 
sepal ation between the vaiious industiial classes, attended as that is by fcatuies 
of distiess and less lelieved than in new countiies by equality of oppoitunity, 
it IS difhcult to secuie an equable and unembittered consideration oi the economic 
importance eithei of capital or of the skill which directs, controls ventuies, 
and oigainscs The haidships and ineciualities obvious m the svstem, when 
coupled w^th the long existence and appaient peimaiiencc oi the iiidustiies, leicl 
not unnaturally to an undei estimate of these as factois and to a keen feeling 
that the one thing necessary is a new distribution ot the iiitional wealth 
In these respects new countries hive iniiiil advantages Iheir giciter vigoiii 
begets a pride in the progress of the community and in the iiidustiies and occu 
pations which embody and signalise that progress , while more widespread oppor 
tunity, and the sense of being at the beginning of things, should make them 
conscious that it is their tisk to devise i system both equable and commercially 
progressive Mill it is one thing to hive in oppoitunity ind another to utilise 
it well 

There are, it is tiue, ceitain circumstances which for i time may obsciiie 
or even hold m abeyance this veiy necessaiy endeavoui When rich lesouices 
aie being rapidly opened up and when piospeious undei takings pi ess one upon 
anothei, people are too busy and too well off to pay attention to economic 
problems, despite the futuie impoitance of their solution The return to the 
various factors, both capital and labour, is nigh, and there is little complaint 
as to lack of opportunity It is largely due to this that, even amongst new 
countiies, the part played by the forces of laboui, and the claims made on its 
behalf, vary so much Again, no doubt, the political machinery has a great 
influence A countiy where the professional politician lules, or where the 
caucus exerts its sway, is little likely to develop i sane and well tuned iiidiistiiil 
polic y 

The effect of economic conditions on nation il life and stiiiduds is a subject 
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v^hidi meiits miu h attuitioii but heip 1 must ronfine myself to distinguishing 
f PI tain n suits oi paiticiilii etononiK teatmes which chaiacteiise one type ot 
fountiy Some ot these, indeed, despite then irnpoitance, must be tieated 
\eiy biiefly Tims, foi instance, the effect of a rathei onesided economic 
dt velopment, alieidy tieated of in iiiothei connection, has a beaiing on the 
present matter Again, the difticultits which some new (ountiies have experi 
enced, in iesi>ect ot the immigiatiorr ot a paiticulai type ol labour, aie 
undoubtedly attended by social and political iisks No nation can view with 
eqinnimity the steidv incieast of in element in the population which stands 
out apait and distinct fiom the nation and can neither assimilate national 
chaiacteri sties nor be absoibed into the national life Remedy may be difficult, 
but such a situation is undoubtedly disquieting But if we leave these, as 
matters alieady dealt with, theie aie foui matteis which call for attention In 
the first place, the ciicumstances of a new country, if that country be at all 
piosperous, nituially engender self reliance and vigoui The openness of out 
look, and the obviousness of tht piogiess achieved, make for assurance and 
lioppf Illness Even if vicissitudes be fiequent, and men lose as well as gam 
inei fill as well as use, we only come to Adam Smith’s position when he attil 
buted till stinmliting effect ot gie it juizes in any occupation or calling to the 
iniiite sanguiiRiHss ot hum in natiiie, wliieh leids each man to believe in his 
own prosjieits ot success, whitevei m iv be the fite ot ivei ige minkiiid And 
where the cxinrples of suciess iie iiriiiy thrs iirdividu il hopefulrrtss is much 
sti I rrgthe IK d So too the greater drftusion of oppoitirnitv pH^s a part 
Whit IS cli ir letciistic of the individual is clraiacteiistie of the lace Of course, 
there arc some new couiitires where a lick ot irch resources pietUides aiiv such 
feeling, and in any counliv theie must occur tiom time to time peiiods of 
elepussiou, pciliips the nioie acute bttaiise of then vivid contiast with the 
siuguine pist But, tikeu is a whole, undoubtedly in now countiies vvheie 
lie veleqrment is in letive ])iogiess theie is gieatei vigoiii gieatei assiiiance, 
pel hips gie lie i self isseitiou, than in othei lands where development has gonti 
tuitlui and vvlicie tlie ])iospect Jving befoie the i ice is well as the indiviciuai 
is bounded l)\ what seems to be a lu iiei and a moie defined lionzon In the 
second pi ice is woik is the eommou lot theie is less division between e illiiig 
luel ( illim* iiicl moie teueUiicv to fudge i m nr bv whit be his done in his 
oceupitiou, whitevei tint m iv be A factor like this is fai reaching m its 
iiiflueiKc iiid reve ils itself in m my diiectioiis It makes foi solidarity, 'is well 
bv cieiting i eonrrmiiut^ ot interest as by destioving piejiidices It furnishes 
a common test whereby pietensions and cliims foi considei ation can be tiled 
iiid tlioiigir the me isuie mav be impel feet, the tejst oi ictuality aftei all, his 
the me I it of he ing definite In the thud place in such c orninunities miteinl 
things iiid nr ltd ill inteicsts nee ess inly loom laige Ihis points to a weak 
fe itiiie 111 this phase of development which is emphasised by the 
cir c iinist inces of i countiy striving to mike good its pi ice amongst older 
intions very picssuic of then dtmmds and then competition add to its 

pioiniiunce Success means inateiial piospeiitv Iheie cm be little doubt 
tint this is one of the dmgeis igiinst which i eommunitv of this t>pe his to 
stiive Such a couiitiv is, by the veiy iiatuie of things, face to face with 
nnteiiil difficulties nid its victory rests on miteriil achiev emeirts Even 
the democi itic test, alluded to ibove, of actual work and achievement 
opeiates in the same dnectioii In the last place, the veiv freedom from 
class piejudice is in pait due to a geneial absence of custom and tradi 
tion which has an unfavouiable as well as a favourable side Fiom a social 

point ot view, custom is an invaluable tic, welding into union a laige 
body of individuals with eveiv variety of aim and veiv diffeient views and 
opinions It gives a pcimanence and stability to social life No doubt, each 
country has to form its own habits, but till these are formed the social 
structure is weak As an illusti ition, a comparison may be made between 
legislation in a new and in an old country In the latter, legislation is largely 
i gradual development of custom, and as a consequence the course of legisla 
tion IS slow, often iniuiioiislv slow, the delay m some case*' being due to an 
unfaii regard foi vested lights, but the mam leason is the latent dislike to 
my violent breich with the past and to depaitures from custom On thi other 
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hand, legi«?l'ition in i new country much more con^^cious Not only are 
theie levier ciistomaiy bonds, bnt theie is less regard for those which theie 
are T do not wish to piononnre any opinion as to the net advantages of one 
method oi the other The point to be emphasised is the existence of a 
difference in this as in many other i aspects 

To what, it may be asked, does the examination summarised under the fore 
going headings points In the first place, it gives some giounds for and explains 
the nature of public action as it has manifested itself in these countries Nov, 
an active state policy m social and economic matters may be due to many 
reasons It may aiise from an imperfect individual development, or, again, 
from what seems at fiist sight neiily the same thing but is leally quite different 
— the existence of a highly organised and peculiirly efficient bureaucracy But 
neither of these is tine of the principal countries under consider ition , in the 
United States, Can id i, and Australasia, individuality is a veij^ vital force, and 
the tendency of go\crnmeiit cannot be teimed unduly biireaucritic The littei 
point may be illustiated by i comparison vith modern Germany, which has been 
influencejd so gieatly by the system of bureamiatic administration built up by 
Stein and his successors Of course, good offici ils can ilways achieve i gre it 
deal, but it is one thing to use officials and the official system as instruments 
to give effect to a policy, and another to take a policy from them It must not 
be supposed, hovever, that democratic countries are altogether free fiom this 
latter dangei They arc liable to it, unless means be adopted to keep the people 
as a whole in immediite contact with pioblcms of government ind to givt tlum 
opportunities of co opeiating in some way or other in public administration 
But to return to the main point State activity in these countries seems to me 
due to quite othei causes, on the one hand, the occasions foi it are more 
numerous and the oppoitunities for it great, on the other hand, not only is theie 
a natural predisposition in its fivoiii but m my of the objections present in 
older countiies ire absent But both these matters require expluution With 
regard to the occasions tor state action, economists, differ though they may on 
the question of its abstiact desirability, will agree, I imagine, that in proper 
tion as these ire multiplied the tendency towards such action will inciease If 
we turn to vhat has alreidy been said, it is clear beyond doubt that an unusual 
opening for such action is afforded in the ciicumst inces enumerated Ihus tin 
case of >oung industries in a new country has been admitted f urly geneiallv to 
afford an argument for protection specifically different fiom those iddiiccd in 
othei instances It is not merely the case of young industiies, but, to rope it my 
words of young industries in a new country Again, the regulation of imini 
grition IS piesented in i vei^ particular foim Whatevei m i\ be thought ot 
any particulai policy of restriction — and everyone is aware that there are m iny 
and vaiying considerations to take into account — a country deriving a laige 
put of its labour supply from outside will naturally claim to exeicise a supei 
vision o\er the nature of that supplv not less than it exeits by ediicition ind 
other means over the labour supplied and tiained within its confines Again 
in a country developing its icsources and its latent natural wealth and iimhi 
lonsiderable and ineiitable pressure to move rapidly, a large field for Stite 
iction opens out But in addition State action in the circumst inces of a new 
coiintiy IS advantageously placed, inasmuch as it takes place early, when theie 
IS little to upset, and when action of any kind and by any body is most likely 
to achieve really tangible results In other words, not only aie the occasions 
many, but the opportunity for effective action is favourable Furthermore, the 
exploitation of resources, hitherto untouched, by modern and scientific methods 
puts a powerful instrument at the disposal of the Government which was wholly 
winting in former days, while, on the other hand, the knowledge of the results 
which have ensued in other lands from uncontrolled individual competition indi 
cates the direction which action should take To this are due the attempts 
made in some at least, of these countries to regulate the relations of capital 
and labour Certainly, m matters of this kind, those communities have initial 
advantages when measures are undertaken in a comparatively early stage of 
growth— bef 01 e, that is industries have assumed the intricate form usual in 
old lands Nor does this exhaust the situation A new country is inclined to 
nov^el methods of action as is shown by the general favour with whiih fresh 
expedients are received While i tendency like this is due in pait to the innite 



PRESIDENTIAL ADDRESS 


m 


vigoui of the people themselves^ theie aie other caubes which lend it strength 
present instance, there is, on the one hand, the feeling that they can 
anord the experiment , on the other, the resolve to avoid, though the cost may 
bo considerable and the risk great, the difficulties and dangeis with which older 
nations are confronted Even if the whole course is not clear, they would fain 
steer clear of the rocks and shoals which arc chaited 

Influences like these imply experimental legislation Now, m a sense, most 
economic legislation is experimental, unfoieseen lesults occur, and alteiation, 
amendment, or repeil is required, but the extent to which it is expeiinieiital is 
ceitainly greater when we turn fiom the record of the past to the lecent efforts 
of new communities Reasons foi this have been adduced, which m ly be briefly 
summarised, though in a somewhat different foim As compaied with con 
temporary nations of a more complex type, new nations aie more prone to 
engage in experimental legislation for thiee reisons fiistly, because things aio 
simpler, uid in a less highly organised society there is less piospett of intei 
feiiiig with a system which attei all woiks, evtn if not to complete sttisl letion , 
secondly, the consciousness of liteiit lesouiecs cicites a grcatci icidinoss to tiko 
iisks, owing to the genei il fooling tint tlicy cm be afforded, ind listly, it is 
ie(ognised tint industriil civilisation c lines in its ti iin ceitain dingers whiili 
( 111 be more cisily iiiticipated than lemedied Ihe t i o is i little diftcicnt wh^n 
the (ompiiison is instituted with (ountiies in the prim iiy plusL ot koiioiiik lik 
111 the more loniote past Heic the pitdomin int icisons aie ilso thiee 1 In u 
is gicatoi scU i ons( lousiiess Kcoinpanicd by i knowltdt^c ol p^)‘^^lbllltu s md 
iisks Agiin, 111 the modern countiy, law is to i gieitoi c tent i conscious 
act md to a less extent a ciystallisation of custom Ldstl;y, the inovcincnt ot 
economic life and the gieitoi ripidity ot jnogiesh make othci and tuithci 
I h mges sometimes ictually neccssiiy and ilways less m occ ision toi hesitation 
Ol mxiety 

htill, a people eneounteiing eh mges so i ipid and sudden md tngiged m 
kgisUtion expeiimeutil to such iii extent should look c iictull^ to then iimoui) 
\<tion Ol logislition iii the ceononiK md indiistiiil dom iin to In ^oimd md 
c(Eccti\e, must obseivo ccitaiii conditions Ihe action of the Stite \aiics 
in its consequences with the relations between the people md the Go\einment 

V State which im])osos 1 iw oi exeiciscs contiol is it wcio fiom the outside, 
iitiiig uitociatii illy Ol without my itil ideiitilic itioii ot tlie pus itc with the 
iniblic will, eiKoimteis icitain dmgeis The essence ot I iw lies in ffs icidy 
tieoptanco, md this is pcculiiily true of laws in the ocononm sjihtic \ huh 
touch the sociil md home htt md ictivitics of the pcojdo Now m\ nil 
tcoling of coinmunily of iiitiicsi Intwccn the people md the i\eeuti\e iiripliis 
much moio thin men popiil u election on howe\ii denuni itu i b isis Jt me ms 
i &( use of paitieijiation m the lets ot the exeeutne md iinoKis i io«ognition 
ot oblig itions is well is lights To some extent, no doubt tins is fuini'^lud 
b> high idt ils 111 jniblic life, but jnohtbly its suiist bisis lies iii the [uitui 
p ition by individuils in some foim ot piiblit idininisli iti\i ulion 1 lu 

tint the stiength of Engl md 1 ly in its locil institutions means c\en inoic thm 
w is intended it the time Voluntiiy seivue m local go\einment is to be 

V ilucd not only for what it achieves, but because it quickens the inteicst in 
the State, and, if widely shaied in begets in the comminntv an enlightened 
knowledge of the pioblems and methods of goveinmeiit Agun, State action, 
to leap a fruitful haivest, must be based on knowledge and hcie 1 touch on 
a topic which desei\es moie time than is it my disposal —n iineh , the importance 
in such countiies of economic study and the methods wind this snould 
follow It IS precisely amidst surroundings wheie the miss of new dati is 
great thit the need is gieatest for scientific method m the examination of such 
data and in their comparison with the phenomena existing in other countries 
Economic theory and systematic economies foim part, but only pirt, of the 
necessary equipment of the modern economist, and their function is not infie 
quently misunderstood, and stands in need of clear definition They indicate the 
relations which, so far as our present knowledge goes, exist between different 
classes of phenomena, and especially between these in respect of ciuse and 
effect They place at the disposal of the student a keen instiument and i means 
of fine analysis which enable him to classify and co ordinate new data, to com 
paie these with other data, and to avoid the tallacies and misconceptions which 
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beset the pith and invalidate the conclusions of the unti allied obseivei But 
much more is needed than these To a knowledge of abstract things must be 
added acquaintance not only with economic history but also with economic 
phenomena as they exist and arise in the present These furnish what may be 
called the content of the study of economics, and it is these which the economist 
has to examine and analyse To some extent the new knowledge thus registeied 
may modify previous geneialisations The practical bearing of such study on 
the problems of government and State action is obvious But, quite apart 
from this immediate importance, it is a matter for regiet that in a country like 
Australia, where there is so much economic mateiial, compaiatively little as 
>et has been done to treat it scientifically, and so to add to the body of 
organised economic knowledge 

I will take one instance It is common knowledge th it the 1 iboui legislation 
of Austrilia and New Zesland diffeis greatly fiom that attempted not only in 
old established countries but in any of the othei so called new countiies Wc 
want a really scientific examination of the causes which arc lesponsible for this 
differQ^ice It is easy to make tertain suggestions Something m ly be due to 
the fact that the economic growth m Austrilasii is even moie lecent than tint 
of Canada ind the United States Again, the manutactuiing development is 
less advanced, and so the capitalistic element which finds its suiest footing in 
the industrial doin iin is less powerful Again, the contact with the oiganiscd 
industiial system of the oldei world is difterent in chai ictei fiom that which 
occurs in the case of the othei countiies mentioned abo\e Moreoiei the eaily 
history of Austialia encouraged leliance upon the State But suggestions like 
these, and others might be added to them, need ciietul investigation and 
detailed inquiry bcloie they can be accepted is an adecjuite explanation ot this 
problem, and such an investig ition should be undeitiken in Austi ilia 

Hitheito I have deilt chiefiy with the explanation which the previous 
examination of the special features apparent in new countries affords of the 
natuie of State action in such lands 

I would turn now to an equally impoitant question — what guidince, if iny, 
IS afforded as to particular defects which requiie attention or particular impulses 
and forces which stand in need of special encouragement’ Incidentally some 
thing has been said about certain of them The compai itive weakness of 
custom and traditions, in one way m advantage, is from another point of view 
a disadvantage The dominance of customs is harmful, not because they aic 
customs, but because old customs are often wioiig or at least inapplicable to new 
conditions But custom lies at the basis of the soiial fibiic ind on lules i 
common coiiscioiisnebs is to light iiid wioiig and a community ot foiling iiid 
thouglit which aie ill iinpoitint in oiginiscd sociil life It iis iiosbibli tint 
State action, it widely paitiapited in and s>mpithised with by tin peopli it 
large, may stiengthen the sotiil tie Again, tlie inipoitance of loc il publii woik 
by all mcnibeis of the community has been cinphasihod it i iiiiiot be too 
stioi)fc,ly emphasised The besetting temptation ot piospeiit>, and puticuliily 
of piospeiitv as it appears in a new counti>, displays itself in too gieit i 
concentration on material wealth and too exclusive a reference of everything 
to a material standard It may be said that the same tendency manifests itself 
in the older world That is true On the other hand not only aie the economic 
circumstances fosteiing it much less dominant and peivadmg, but the social 
order and tiaditions which suivive fiom the past piovide at any rate partial 
corrective As has been said before, while there is much to criticise in the 
notion of an aristocracy by birth oi of tiaditional and piofessional standing, such 
distinctions counteract the influence of meie miteriil achievement as the test 
of success, and indicate i vague belief, however misplaced, in some immateiial 
standard which at least has the merit of implying obligations as well as rights 
But on what can a new country rely’ On the one hand, on the recognition of 
the sheer excellence of manhood and character quite apart from mateiiil 
results , on the other hand, on a belief in education and knowledge in the wider 
and higher sense This lends a peculiai importance to the encouragement of 
science and the development of educational ideals m a new country 

In the survey just attempted certain causes have stood out so prominently 
and as so influential in their results as to demand a few w^ords of comment 
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loiemost among these is contact between nations in diffeiing stages of de\elop 
inent So much has been said of the economic aspects ot this as it occuis 
between two particular types of countries that any summary would entail repeti 
tion, and repetition would be tiresome But the subject might well be treated 
in much greater detail and with reference to nations and people of more kinds 
than these, and to the more general social and political features and results 
No modem countiy, and in particular no new country, can escape the influence 
of eKteinal factors controlling or deflecting or retarding the course of its 
oideily evolution These forces operate uiidei different conditions, and the 
consequences which ensue vary greatly Sometimes nations standing at almost 
opposite extremes are brought into close relations The matter is further 
complicated when political relations exist between the countries in question 
lo deal much furthei with this mattei is hardly possible at the piesent time 
Still, two things should be added On the one hand, nations exetcisiiig 
politic il contiol over other countries and races, and particularly over countiies 
ind races less ad\anced in general civilisation and often marked off from them 
by 1 icial characteristics, bear a heavy burden of responsibility The veiy reli 
tionship stimulates growth in the imbject people, and yet it may well be tint 
such giowth may be so premature and so out of congruity with essential con 
ditions as to call for measures which may retard rather than encourage it On 
the othei hand, it is the duty of the historian, and particularly of the historian 
who 13 an economist also, to disent ingle the various influences interacting, co 
opciating, or conflicting in the evolution of the social and economic life of a 
country, and to make due allowance for forces which work obscurely and in a 
vciy subtle way Secondly, the effects of sheer rapidity in giowth must not be 
oveilooked The applic itioii of modem and moic scientific methods to iieh 
litent resources is sure to operate in this direction, and it may bo assisted 
bv othci causes Certain consequences are almost inevitable Not only is the 
national spiiit and type affected, jmrticularly in the economic aspect, but with 
the denial of the time requisite for the oideily and stable evolution of custom 
a gieat call is made on the innate qualities of the race concerned if true progress 
is to be achieved and its fiuits secured Listly to a nation in the eaily stages 
of development, the spectacle and lecord ot the expeiiences of other nations 
winch have tiodden the like paths, though undei other conditions, mean a great 
dc il Theie is much to imitate as well as much to avoid, and, what is still 
moie important, there is much to learn 

But whilst 1 siy this, 1 would not have vou think that an old countiy has 
little to leal 11 fiom those which aie voungei It is tiue that it c imiot loti uc 
its steps, and that the oppoitunity furnished is diffeieiit in chaiactei Still, as 
111 economist from the older countiy, 1 would say that we expect to gain much 
loi oiii guidance fiom the bold attempts made on this side to gi apple with 
ynoblems niinv of which, though diffeiing in their setting, no the same m 
essence as those which meet us at home Neithei on one side nor the othei is it 
i question of mere imitation Eich countiy has its own destiny to fulfil and 
must ti averse its own couise The experience of others exhibits the connection 
between cause and effect, and those profit the most fiom example who dis 
criminate wisely and best adapt its teaching to then pirticular conditions 


Ihc following Pipeis woie then lead — • 

1 Toiiu PlannuKf in lelatiou to the Community 
By ^VIIiLI\l^t E DwiDor 

Modern Legislation — The English ‘ Town Planning * Act of 1909 has focussed 
public attention on the subject, but this Act was long preceded by the Italian, 
Swedish, and Prussian Town Planning Acts, all of which provide not only for 
town extensions and new streets being laid out on the lines prescribed by the 
municipal authoiity, but also give the authorities much greater powers of 
pui chase or expropiiatioii 

Building’^ — In most lases diffeient parts of a town lequire speciil tieitment, 
and ill Geiman town planning piactice it is customaiy to divide the town area 

1914 H H 
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into zones, each with special building regulations and restrictions as to height, 
number of stories, and open space 

Factory Zones — ^Even under the English Act factoiy zones oi districts may 
be prescribed, to which may be banished all businesses likely to cause objection 
by reason of smoke or noise Such districts must necessarily be in close touch 
with railway or water transit, and if possible on the leeward side of the town , 
with the growing use of electric power, factories are becoming less objectionable, 
but it IS still desirable to segregate them 

Land Values — In practically all countries the constant increase in value of 
uiban land has resulted in a corresponding increase in the height of buildings, 
which in turn has resulted in still further increase of value, the one leacting 
constantly on the other 

Limitation of Houses per 4cre — In England much is ho^ cd f lom the 
limitation of houses per acre The effect of such a limitation must be at least 
twofold it tends first to spread the town and consequently the values over a 
laiger aiea, and by restricting the use to which land is put, may to that 
extent decrease the value per acre of land which is alieady ripe foi building 
At the same time it will tend to give a coriesponding me lease of value to land 
farther from the town Its effect on the already overbuilt city areas cannot 
fail to be beneficial, for by fixing a standard for suburban development, a 
high standard of amenity and a low standard of price, it will be financially 
impiacticable to force up values in the built up areas above i icasonable limit 
and economically impossible to unduly increase the congestion of building A 
reasonable return may be obtained fiom the land, but nothing whatevei will bt 
gained by overcrowding 

Town Extension — The municipal authoiities may by careful planning of new 
main thoroughfares and prescribing adequate width between buildings, not only 
provide new traffic arteries at a minimum ot cost to themselves ind the present 
ratepayers, but save untold expenditure in futuie widenings md piccenu il 
improvements To secure satisfactory results, however, in this, as pi other 
urban problems, it is essential that some one authority shall ha\e contiol of the 
general lines of the plan 

In European countries theie is everywhere evident a constint ttndtmy to 
extend the Ixiundaries of the municipalities, and such i tendency is but a natuial 
outcome of the desire to avoid the repeated waste and overlapping of divergent 
controlling authorities 

Municipal Services — With the growth of municipal scivicts sucJi as tiam 
ways, seweiage, water supply, gas, and electiicity, the tendency towards centiali 
sdtioii of control becomes more marked, and there is a gieatei effort towiids the 
realisation of the possibilities and ideals ot the town as i whole 

Hallways and 'Traffic Facilities — In a plan for town extension nothing can 
sately be left out Railways aie as mudi a vital part of the plan as lold'^, 
and the position of railway stations and goods yards as impoitant oi riioic 
important than the location of shops and traffic centres In many a town the 
whole development is throttled and contorted by one or more huge railway 
embankments laid down without regard to the growth of the town In 
Germany, although railways are as autocratic as elsewhere, the need is frequently 
felt for revising the positron of the railway stations and even the line of the 
railway itself, and instances of this descirption of complete removal of the 
railway have been carried out in numerous cases in connection with schemes 
of town extension (Frankfurt, Wiesbaden, Dusseldorf, Lubeck) 

Functions of Various Classes of Traffic — ^All classes of traffic — railways, 
electric railways, light railways, tramways, motor and heavy goods traffic — all 
have their proper functions, and all must have their place in the town plan The 
combination of light railway and tramway {Stadtehahn) so much used of recent 
years in Germany is full of possibilities, and the flexibility of the modern motor 
omnibus traffic must also be carefully considered 

New Streets — In laying down the lines of new streets some form of classifi 
cation of roads is desir ible In London a standard minimum of forty feet wide 
IS adopted In Australasia the minimum is sixty six feet, but any such arbitrary 
standard must of necessity have serious limitations, and in many cases involve 
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heavy and iinnecesaary expenditure, both m con^niction and maintenance, 
to nothing; of dust and other inconveniences 

Diyndvantnqes of UnnecesHarily Wide Hoads — ^The classification of roads 
into aiteriil roads, secondary roads, and residential roads is commonly prac 
tised 111 Germany and other European countries, and nowhere better than in 
Germany can be seen the disadvantages of excessive road widths, with the 
almost natural consequence of high rents and tall tenements 

Garden Suhurh^y <Lc — Gaiden City and Garden Suburb schemes hd\e every 
wheie seized upon this possibility of economising, and in sucli places as Hamp 
stead and Letch worth the residential roadways aie not metalled to a greater 
width than sixteen feet, though the distance between the houses is maintained 
dt sixty feet or moie, this leaving room for forecourt gardens or grass margins 
Access to Land — In all problems of town development and the settlement of 
new towns the availability of land is of supreme importance The questions of 
land values, land ownership, and land transfer are fundamentally bound up with 
town planning, housing, and improvement schemes 

* Betterment ' — No municipal authority can be expected to carry out any 
great scheme of improvement if there is no possibility of recoupment from the 
owners whose property has been improved So long ago as 1666 , in the 
rebuilding of London after the Great Fire, provision was made for ‘ betterment * 
charges on the owners of the property improved, and, in default of munici])il 
ownership, somp such system of recoupment is unavoidable 

‘ Bpectal Assessments ’ — In many American towns such as Kansas City, 
'special assessments’ for the acquisition of paiks and similar pnrpo^es ire in 
foicc and appear to be favourably received 

Spectdafion and Land Transfer — Speculation in land is much encouraged b\ 
the facility with which land transfers can be effected, and the effect of o^el 
speculation from this cause is appaient both in Germany and in Aiistrilisii 
The effect produced is a forced and unnatural increase of prices of land until 
we see the curious fact that land in Berlin is valued at three or four times the 
value of similar land in London, and, partly in consequence, nearly one half of 
the population of Berlin live in one roomed dwellings in tall tenements crowded 
round one oi more internal courts 

Mi t hods of —Methods of taxation, too, must be consideied in this 

regsrd An annual site tix on capital value leads undoubtedly to the use of 
land, at any rate to the extent necessaiy to defray the amount of the tix In 
uibiii aieas this meins that fewei piiv ite open spaces will lemain, in siibuibui 
no IS the tendency is to put up any soit of stiuctuie tint will act as 
a ‘tixpa>ei ’ The lesults in eithei case must be unsatisfactoiy, in the absence 
of my proper town planniiiig scheme defining the use to which nu paituulii 
hand IS to be put in the geneial inteiests of the coinmunitv 

Leas(ho1d and hrahohl Tenatts — The lelatne u^es of leasehold ind heehold 
s\ stems of owneiship have been much discussed Leaseholds enable land to be 
acquired cheiply with the minimum of capital, and also have the advantage on 
the leises falling in of a consider iblc amount of piopertv being under one 
control thu^ enabling compiehensive improvements to be earned out, as in the 
c ise of the South London property owned by H M the King, the leases of 
which liave recently fallen in, and the property has been laigely leconsti ucted 
Municipal Ownership — In German towns the municipality generilly owns 
from one thud to one half of the whole available building land, thus to some 
extent (ontiolling spec illation md at the same time eiiibling the nuinitipihtv 
to take the benefit of any improvement cieated by them The great value of this 
method, howevei, lies in the control which it is possible for the municipalitv 
to obtain over the extension of their town Individual freeholds, without some 
power of purchase oi compulsory redistribution as in the ‘Lex Adickes,* will 
rontiniially conflict with the interests of the community In large estates m one 
ownership is at Letchwoitli and Hampstead, excellent results are obtained 
by cential oontiol, which gives benefit to the community and secuiitv to the 
individual 

Gnu lid Coiulu^ions — Town planning powers would be of immenbe id\antige 
to Austrilasia, but the special conditions call foi special tieatment and the 
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piovimons of any town pUnning legisl ition inii'^t be ulipted and not merely 
copied fiom Fiiropein piecedents 

The town planning authority should in any ease possess fioe access to all 
land within their area, poweis to preserve amenities, poweis to reduce con 
structional expenses by classification of roads according to their uses, poweis 
to vary constructional by laws, and powers to regulate the chaidctei and 
description of buildings and the bioad lines of architectural design 


2 The Effect of Tow)i Planviuq niul Gnml IJonsnuf on Soi wl 

and Economise Well heinq Bif T vatf s Tottnston, J P , C E 

Town planning is necessaiy for the pin poses of making a leisonible ineasuie 
of health and happiness — of physical, mentil, and nioial heilth, and strengtli — 
possible in all parts of towns, of giving ready access fiom one district to another, 
un(Jer the supervision of the Local Authority, and foi compelling the owners of 
lands to lay out and develop i district on unifoim lines is distinct fiom eicli 
owner developing his own unit of luid without regiid to neighboiuing estites 
ind not only must cities of the future be well liid out, but jn the older ind 
congested parts of oui towns the slums must be cleaied iw and amenities 
provided The Town PI inning Act of 1^9 gi\es Locil Authorities power to 
provide open spaces and to limit the numbti of houses pei acre, oik of the 
best provisions in a somewhit cumbrous Act 

We have examples of the evil effect of oveiciowding in miriy of the best 
planned towns, especially in Geimanv, where the people aie crow dec’ into tenc 
ment dwellings, entailing loss of physu xl and moi il lieilth, ind economic loss 
The clearing away of slum property in the cential arei of oui large towns is 
one of the most difficult problems to be f iced, but it must be dealt with di 
tically, as it is of equal oi eien gieatei import met thin the 1 lying out of new 
are is 

The cost IS the great difficulty and under the existing law it c in only be deilt 
with by clearing away slum dwellings in distiicts declared to be unhealthy iieis 
under the Public Health Acts, and building houses on the cleared sites toi the 
people who have been dispossessed, or by declaring the houses, sepaiately unfit 
for habitation, and compelling the owners to close, put into habitable condition, 
01 rebuild such worn out houses 

The dominant difficulty in housing reform is the fininciil one, in pioviding 
the necessary minimum of quantity and quality for the ac com mod it ion of i 
woiker s family on account of the limited income of the badl\ paid woikeis and 
their consequent inability to piy an economic lent Ihe leil lemedv would be 
to give adequate remuneration to the workers, as it is now genu illv accepted is 
ethically sound that the first charge on any industiy should be in idt quite w ige 
tor the workei, and the adoption of this piinciple would rendei iiniiecessny the 
payment of subsidies out of the public purse for housing purposes 

The method of building houses for the workers in the future is resolving itself 
into a Collectivist system, as the private builder has failed to meet the demind 
effectively Houses built for the sake of profit making entirely are generallv 
inadequate, overcrowded, mean looking in monotonous rows and of inferior 
material and workmanship This work will have to be undeitiken miinl^ by 
local authorities and public utility societies 

With facilities for obtaining money at cheap rates, a thorough organisation 
of the work, the more extended use of machinery, and the adoption of concrete 
as the principal building mateiial, it will be possible to produce houses good in 
design, hygienic, and permanent in their construction, to let at an economic lent 


3 The Economics of Town Planning By J S Nfttlffold, J P 

Strong economic incentive is more effective foi reform than official reon 
lations To ensure good housing, it must be profitable to the owner, and bad 
housing unprofitable The same holds igood with cities and their development 
The main objective of town planners must be to provide healthy living and 
working conditions for all classes, especially the poor The first necessity is 
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adtquate supply of light and air This means laiger building sites at the old 
puces Iheie is a constant definite piopoitiori between ground lent and total 
lent On small house pioperty giuund lent equils one sixth of whole Cost 
of site IS composed of (1) interest on capital, (2) piicc of land, {!) cost of 
development 

(1) InteiLSt on Capital — This is of piime nnpoitance Rveiy 1 per cent 
on capital lepresents about per week on each smill house hence the necessity 
loi cheap capital, which is unobtain ible unless the town pi nining scheme is 
commeicially sound 

(2) Pnu of Land — The supply of land avail ible for building is seveiely 
limited by the fact that communication is not piovided by public bodies except 
to dcvcl()i)ed areas, and buildeis aie only willing to build neai to such communi 
citions ]n the vicinity of ill ccntics theie is 1 iiid of low value due to lack of 
coniniunic ition 

lown plinneis must iiiciease supply of building land by opening up cheip 
lind and at the same time restricting building density, thereby pie\enting 
undue uses in 1 ind values The value of land is governed by its use Land 
owneis should be met by allowing economical estitc de\elopmcnt ind cncourag 
mg qinik development, and should be given economic iiwentivc to develop by 
1 itiiig land on selling price, not merely on piesent income Overcrowding 
should be Avoided by lestruting building density, ind, m justice to landowncis, 
isstssois must iccognisc tint icstiution of building density ledmcs land v lines 
Main iitnies should be ( ut, opening up new distints thiough hnk land, avoid 
mg pinch ISC ot costly fiontiges Sufficient width should be allowed between 
toiccouits, but only a smill width of macad im should be liid, completing witli 
ticc planted gi iss margins and inexpensive pathways Undei common sense 
town planning building density is calculated pei gloss icie, and theiefoie it 
will not cost landowneis anything to give the land foi these loads, it will piy 
them to contiibute handsomely towiids the cost of constiuction 

(!) ( ost of Dtiilopnunt — Cheip liiid is no good without latioiial dcveloji 
rnciit Necessities must be piovidcd befoie luxuiies aie consideied Light and 
111 lie moie import int to health, and much cheapei than magnificent aichitectuio 
ind cxtiavdgmt engineeiing m the vviy of unnecessary seweis keibs, and 
guttcis Iho mini objective of thc^sc pnnniilv icsponsible foi the 1909 Act was 
to icdiuc cost of town ind cstitc development Most town pi inning schemes 
since published mcie ise this chiigo msteicl ot dimmislimg it Ihile'^s cue is 
tikcn town pi inning will icsult m woise living conditions mstc id of bettei — 
{ uh Puis uid Jhilm Lxtiav igant development iai'*os lents, hihI m ikes dect ut 
living conditions economic illv iiufiossiblc except foi the livoiiicd few Huinonv 
cm be achieved without leckless expeiidituie The City Hcautiful is of iiu 
piactical use unless it be also a Citv of Common sense, pioviding healthy homes 
toi ill clisses 


irfr7 s/’ IS 

The tollovvmg Pipeis vveie leid — - 

1 'Jhc iusltahiiH Donoi Huif and xts ILonomu Problems 
By F W Euglesiov 

The leputation of Austialia as a scientific laboratory of social and economic 
cxpeiimeiits is to a large extent undeseived Ihe many departuies made in 
Australia Lorn the traditions of economic thought weie not undertaken as pait 
of a delibeiate scientific entei prise Nor have the lesults been subjected to 
that criticism which would satisfy an economist In watching the development 
of the Australian democracy one has to realise that the process has been 
dominated by political considerations almost entiiely In order to better social 
conditions, legislators have disiegaided the accepted lules of economics, and have 
invoked the power of the State The basis of then policy has been the belief 
that the politual povvei could pioxidt some substitute for the tones which under 
oidinaiy ciicunist iiices go to make social conditions 
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Australian demociacy is thus an instinctive unrational human movement, 
a definite challenge to the canons of economic theory An expeiience gained 
under such circumstances should be of considerable value, because it exhibits 
phenomena which might otherwise remain hidden It shows us social 
institutions in a condition of disturbance, and enables us to see then working 
more clearly 

The characteiistic note of Australian democratic development, therefoie, is 
the attempt to secure social ends by State activity The more typical forms of 
such activity aie — (1) Nationalisation (2) Regulation of various social con 
ditions (3) Regulation of wages 

(1) Nationahsattdn — ^Australian experience cannot be said to diiectly iicgi 
tive the warnings against State socialism Yet the issues would not be stated 
in the old way Many exceedingly valuable results attainable only by the 
exercise of State authority have been obtained Much efficient work has been 
done by State departments, while, on the other hand, many gioss failuies can 
be recorded A dogmatic condemnation of, or a bias against, State activity 
could not be maintained Each phase must depend upon its own conditions 
The tendency to monopoly in industry brings the issue of nationalisation moie 
definitely before the public 

(2) Regvlatwn of Social Conditions — To avoid the evils of centialisation 
and the danger of elaborate State directed schemes, the State will frequently, 
instead of assuming the management of an industry or activity, legulate certain 
phases of social life so as to secure ends considered desirable In othei cases 
it may perform an important service upon which a great many other social 
activities depend, or it may control a tendency which, if unchecked, would 
thwart the beneficial operation of the normal social loices Thus the State 
insists upon conditions necessaiy to secure health and leisure for woikeis 
It controls building, and formulates food standards It investigates and 
guarantees the title to land On the whole, experience in Australia is favourable 
to such activitv Aftei intervention of the State, the noimal social activities 
have readjusted themselves, and while the desired ends have been attained 
the vigour and well being of the community has not been impaired 

(3) Regulation of Wages — The mam object of this legislation has been to 
secure industrial peace by fixing a mean wage between the demands of the 
worker and the offer of the employer It has to a large extent failed m this 
object because it has been used as a means of securing highei wages The 
question is whether the machinery set up has been successful in inci easing 
leal wages The conclusion of the venter is that though the mathineiy is 
defective in many ways the real wages of the woikers have been increased bv it 
A close examination of the economic conditions in Australia would be required 
to substantiate this conclusion The enormous resources of Australia available 
to a small population and the relatively constant demand of labour, place 
Australia in a unique position The effect of alien exclusion laws and pro 
tection, as barriers to the supply of substitutes for highly paid laboui, would 
have to be considered On the other hand, evidence as to the effect of high 
wages and liberal conditions on the efficiency of the workei and of industrial 
organisation are important The progressive effect of a transference of 
resources fiom the wealthier to the poorer classes on the geneial efficiency and 
stability of the economic system is another factor in the assessment of the value 
of such a system Factors on the negative side would also have to be taken into 
account At the present time a notable feature of the position is that wage 
regulation has intensified the capitalistic organisation and assisted the tendency 
to monopoly and agreements fixing prices The political effect of the rise in 
the cost of living is likely to be very great The masses now believe that the 
capitalistic classes have turned the tables on them Some fuither step by 
representatives of the workers to relieve the pressure of the rise in prices seems 
certain Such action will be either an attempt to fix prices in monopolistic 
industries, or wholesale extension of the principles of Nationalisation In 
unofficial sections of the masses some steps in the direction of Guild Socialism 
or Syndicalism is strongly advocated From the scientific point of view, a 
gradual perfeition of the agencies we have alieady installed would seem 
desirable But the exigencies of politus render more diastic action ceitain 
In such action the funddineiital issues of socidl oigaiiisation die likely to be 
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raised This movement is likely to be bitterly opposed The more liberal 
elements of the middle class winch have hitherto favouied the forward move 
ment have been estran^ed^ and a class conflict seems inevitable There is no 
need, however, to anticipate serious danger from such a conflict The social 
equilibrium is not likely to be disturbed more than it has been in the past All 
parties are clean and honest, and much good may result from a bold facing of 
ultimate social issues 


2 On ihe Materials for^ and the Construction of,*Tahles of Natality, 
Issue, and Orphanhood By Chas II Wickens, A I A 

This paper comprised a brief review of the statistical data available for the 
construction of tables of natality, issue, and orphanhood treated as functions 
of the age of the father or of the mother It also outlined the methods adopted 
and the results obtained in using for this purpose the Census results and the 
Vital Statistics for the Commonwealth of Australia 

The subject is one which possesses considerable interest from the standpoint 
of demographic statistics, and this interest is heightened by the fact that the 
results so derived are essential for the solution of some of the complex problems 
involved in the vaiious schemes of social insurance which have been introduced 
oi proposed in various paits of the world Statistics of average surviving 
issue of dependent age aie ilso of importance in questions relating to such 
economic matters as the fixing of a minimum wage 

Fn i ie])ort, fuinished in 1911, on the actuiiial basis of a scheme of Nation il 
Tnsiii nice for the United Kingdom, two eminent British actuaries, Sii G h 
1 lardy ind Mi F B Wyatt, estimited rates ot natihtv is a function of tlie 
iige of the father from statistics of oiphanhood toi the Dominion of Ntvv 
Zeiland These data vveie emploved, owing to the abseiue at the tune ot an'\ 
snitible statistics, for the United Kingdom 

The metliod employed in this case was the indiiect one of estimating, fiom 
the numbei of children living at the deaths of fathers of various ages, the 
nninbei of childien who had been boin of fatheis of v iiious ages 

A moie siiitible method is the computation of tlie i ites from statistics 
showing the iges ot fatheis at the bath of their childien Such statistics are not 
ivailible in the United Kingdom, but m Australia the lequisite particulais hive 
been lecorded and tabulated foi many ;years past, and it is i mattti toi sonic 
suipiise tint this sonice ot intoimation has not pieviousl\ been tipped toi the 
pin pose in question 

( eitain othei experiences hive been employed in this connection, the most 
leient being the 1911 Census dati toi (*ainbei well, Fngland, employed by the 
N itional Insurance Actiiaiial Advisoiy ( ommittee In this case again tlie d it i 
foi detei mining natality lates weie not the iges of the fathers and motheis it 
the (late of birth, but were the numbei s ot titheis and motheis of vinous 
igis who had living with them at the date of the Census children under the 
ige of twelve months Fiom these littei data the i ites of n itality weit dttei 
mined by an indiiect piocess 

Othei expeiieiues lefeiiid to in the course ot the paper vveie tint ot the 
TT( iits of Oak Benefit Society in respect of lying m claims, the experience of the 
Commonwealth Public vSeivue in lespect of surviving children, a siniilu c\ 
penence for the Public Stivice of New South Wiles, and others 

Ihe special tables contained in the papei have been compiled fiom — 

(i ) the Austialian statistics of nuptial births accoiding to the ages of the 
f itheis for the four years 1909 to 1912, 

(ii ) the age results for the Austialian Census of April 3, 1911, 

(ill) the mean population orf Austiaha for the foui \eais 19f)9 to 1912, and 
(iv ) the rates of mortality foi successive ages derived from the Austialian 
experience foi the ten years 1901 to 1910 

On the basis of these data, tables have been constructed, griduated and 
griphually lepiesented showing — 

(i ) the i ites of nuptial natility for successive ages of males (natihtv table) , 
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(ii ) the number of nupti il clnldien at enth age snr\iMng to males of siirres 
fiive ages (issue table) , and 

(in ) the numbei of nuptial children at each ago lendered oiphans by the 
deaths of fatheis of successi\e ages (oiphinhood tables) 

In the case of (i ) the woiking piotess consisted of — 

(a) the tabulation and graphic graduation of the data relative to births and 
male population 

(b) the computation of the rates for each age, and 

(c) the graphic graduation of the deduced rates 

In the case of (ii ) and (in ) the process followed was that of the synthetic 
construction of issue and orphanhood tables Given the number of births 
arising annually per 1,000 adult males of each age, and given in addition the rate 
of mortality operating amongst adult males of eich age and amongst children 
of each age, the computation of the numbeis of children surviving aie readily 
obtained, and from these the numbers of childien rendeied oiplnns by the 
deaths of males of successive ages 

In the computation of the issue and oiplnnhood rates illowince had to be 
made for multiple biitlis statistics concerning whidi aie ilso available foi 
Australia in connection with the iges of the pnents These st itistics indic ite 
that the average numbd of childien pei biith nu leases with the ige of the 
fithei, the rite of men ise diminishing with age 

Hefei ence w is mide m the pipei to — 

(i ) the sounes of niiteiiil ioi the puipose of siniil ii ( ih ul itiniis in nsped 
of fell! lies 

(ii) to the illow iiK es to be m nh in (citiin ( isi s in lespid of (\iniptiil 
children 

(ill ) to illow Hues necessnv m some cases in icspect of still biiths 

It may be noted tint in the publications dealing with Mtil stitistus whnli 
are issued by the Gomnionwealth Statistici in, the teims impti il ’ ind 
‘exnuptiil’ lie used in nlition to biith is nioie (oiiectU lepiesenting the 
t let than the mon usuilteiins legitimite ind illt gitnn it« 'this conist bis 
been followed in the ])iesent papei 


] 7//C J^tpsrnl Pnsihnn of iJiP T)o(hi)\p of Inlptp^l 

By Piofe^scn H 0 ^riurDiiir 

The phenomenon of inieiest i uses two distinct questions fust wh\ does 
inteiest exist it ill secondlv wlnt detumnies its magnitude and \iiiitions? 
Hr Oddly spe iking wiiteis on the subpet nny be dissed avoiding is the^ in 
diitfly pieoicupied with one oi the otlui of these (juestions lo this is piith 
attributible that tendency to iiguinent it i loss pin posts whidi dnri(t(iists 
much of the liteiatuie of the subicct 

In regaid to the fiist question theie is, howeve , i fundimentil cloa\ ige of 
opinion, though what piecisdy is it issue bctwnn the dispiit ints has neve i 
Iveen cleaily stated This pipei aimed it i dc ii st iteinc nt of the issue, it 
ofieied a biief suivey and tiiticism of the chief doc tunes ol inteiest - m/ , the 
Pioductivitv, Cost, Exploit ition. Agio and l)\niinii the ones In conclusion 
the wiitei h own solution w is piesented in outline 


4 Fjcononncs al Oifoid Bif Ridni y B\TTi, M A 
Introduction - Interest and beaiing of the subject 

I Comparative neglect of economics at Oxfoid — signs and illiidi it ions and 
some reasons 

II Actual but inidequite recognition of subject in examin itions 

1 For a degiee— (n) Ihe Greats’ School (h) Ihc Histoiy School {() The 
Pass School 

2 For the Diploma in Economics and Political Science — its scope and 
working 
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TTl Some signs of the times — 

(a) Th© Gouise of training foi Souil woik (h) The institution of Biinett 
House (c) The demand for a Diploma in Commerce 

IV New influences from outside or below — 

(a) Ruskm College (b) University tutorial classes (c) TJndergraduate 
movements — the University Fabian Society ind the University Co operative 
Store 

V The situation and prospect 

The proper place of economics m the Oxford curriculum as an organic part 
of a school of political, social, and economic studies — The strategic opportunity 
Hopes and fears The reform of economics at Oxford part of the wider 
jnoblem of Univeisity reform 


5 7he SialisLical (Uid Judicial Determination of the Minimum M aqe in 
Australia Bij Ojr^td Lktiifoot, M A , F S S 

The object of this piper was to eximine the principles which ha\e been 
evolved in the couise of Austiiliin expeiience in the determination of the 
minimum wage under tlie Wages Boird ind Arbitration Court systems ind to 
outline the methods idopted for investig iting statistically variations in the cost 
ind stand irds of living in the Commonwealth The Wages Board system w is 
fust idopted in Victor ii in 1896, and wis mtioduced later in South Australia 
(19(X)), Qiieensl ind (1908), and Tasmiiiii (1910) In New South Wiles and 
Wistdii Austiali i, IS well as in the Commonwealth (so far as concerns ‘ disputes 
extending beyond the limits of any one Stite*), minimum wiges iie fixed under 
jiidiciil svstems by Industiiil \rbitr ition ( ouits 

In most of the Acts undei which the x irions systems hi\e been established 
thiie is in ibserice of definition of the furidirnental conception of the Ining 
w igc, with the lesiilt tint the basis on which the minimum should be fixed Jus 
been eiolsed by the tiibiiiuls themsehes In recent South Austialian ind 
Western Austriliin Acts however, the nnnirmim rite is defined ind must bt 
siittiLient to senile i ‘ living w igt ’ to the worker 

lire work of the Wigts Bonds is conducted in m infoinial manner, and is 
of the niture of i round tible confeience The boaids do not follow any 
( ornrnon process in iiiiving at their determin itions, and hence no definite piin 
(iphs can be found on which the minimum wage is fixed Under the judiciil 
nil thod of conipulsoiv iibiti ition bowevei certiin broad piinciples have been 
developed In the eaily years of the vvoik of the Courts the Judges apparently 
rcfi lined from making iiiy cleu oi definite statement as to the principles which 
they intended to follow ind it w is not until 1905 that the duty of the Couit 
to piovide a living vv ige vv is fiibt lecognised in positive teims by Mi Tiistue 
Heydon Brcsidcnt of tin New South \A lies Stite Aibitiation Court 

the next importint pronouncement on the subject w is made in 1907 by Mr 
Tiistue Higgins, Piesident of the hedeial Aibitration Court, who, in ‘the 
hirvestei cise,’ fiist enunci ited the piiiuiples which hive been consistentlv 
followid by that Couit 'lire judgment in that case Ins ilso been frequently 
( itecl ind lollowed by »Stite industiiil tiibuiials 

In the couise of the pipti the development of the piinciples on which the 
living vv iges toi unskilled liboiii is biseci vvis triced, with spmil leftrerne to 
other contiolling futois, sinh is the ability of in industiy to beii the inert ised 
<ost due to a use in w iges, intei State competition, the deduction of in amount 
cquivilent to the value of boaid and lodging, allowance foi ‘tips* and 
gr ituities, the question of ‘equal pay for equal woik * as between the sexes 
ind differ ential rates of wages due to local diffeiences in cost of living, climatic 
conditions, &c In fixing the minimum wage for skilled vvoikeis the practice 
of first ascertaining the basic wage for unskilled libour and then appHing the 
existing differences between unskilled labour and the various grades of skilled 
1 ibour has been gen ei ally adopted 

During the list few years the subject of cost of living has become acute in 
connection with the question of the minimum wage, but owing to the absence 
of ‘precise, cogent, dctuled evicUnce’ the Piesident of the ledcril ( ourt foi 
some yens declined to give quantititive expression to the incitased cost of 
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living Tlie basic i\age In Melbourne of 7? per diem prescribed in 1907 remained 
unaltered until judgment was given in 1913 in the Gas Employees* case, when 
evidence as to the investigations made by the Commonwealth Statistician as to 
cost of living was first brought before the Court, and when the basic wage was 
increased to 8s In Sydney, Mr Justice Heydon conducted an exhaustive 
judicial inquiry towards the end of the year 1913 with a view to furnishing 
an authoritative declaration as to the basic wage, and also as to ascertaining 
some method of raising or lowering it with the rise or fall in the cost of living 
His Honour concluded that the living wage for two parents and two dependent 
children (under fourteen years of age) was 48s per week 

The results of the statistician*s investigations have now been adopted by 
industrial tribunals throughout the Commonwealth The data are obtained 
mainly from two sources, viz , (a) householders* budgets, and (6) returns of 
retail prices and house rents from dealers and agents in selected towns The 
object of the former class of inquiries is to establish from time to time the 
actual expenditure on living and variations in standards, and of the latter, to 
furnish periodically index numbers indicating variations in the cost of living 
(t e , in the purchasing power of money), both in regard to point of time and 
as between different localities A novel and rigorous, though simple, method 
of technique has been adopted and was explained in the paper 


6 Land Taraiwn v\ Au^haha By G A McKay 

The histoiy of land taxation in Australia was biiefly narrated, and the 
existing systems of land taxation. Commonwealth, State, and Municipal, shoitly 
described 

The writer pointed out that though the primary object of land taxation 
has been to secure revenue for the purposes of Qoveinment, there was also in 
some cases a secondaiy object, viz , to turthei some eionomic or social end ot 
local or national advantage The primary object, as a rule, dictated the weight 
of the impost, the secondaiy, the character of the tax, and its scope 

I he main justification foi taxing land, as part of a general scheme of taxa 
tion, lies in the financial needs of Commonwealth, States, and Local Go\erning 
bodies 

The Commonwealth has few sources of re\enue, but great financial ne^ds 
corresponding to national burdens It has assumed responsibility foi tin 
defence of Australia by land and sea This has involved the provision oi tht 
beginnings of a navv and the establishment ot a scheme of iinueisil militai> 
training 

It has accepted the obligation to provide old age and in\ ilidity pensions, 
and a maternity bonus 

All these responsibilities involve large recurring expendituie, and though 
some payments have been made out of loan money, the fict that interest Ins 
to be paid on a gi owing public debt cannot be ignored 

The several State Governments are lesponsible foi the management of ill 
public affairs, excepting those devolving on the Commonwealth under its 
(Constitution The State obligations include public instruction, the mainten 
ance of public order through the judiciary and the police, and the construction 
contiol and management of railways, tramways, and other public works, whitli 
lie outside the scope ot municipal powers Much of this expendituie is not 
fully repioductive, and deficiencies in revenue must be met by taxation 

Municipalities and other local authorities with similar poweis undeitake the 
construction, maintenance, and contiol of public woiks, the benefit of which 
IS purely local 

All these authorities, Commonwealth, State, and Municipal, have inde 
pendent powers of taxation, and all have recourse to land as one of the main 
sources of revenue 

The economic and social reasons for land taxation are included in two main 
branches — one the desire to make a breach in land monopoly, the other to ensure 
that land, the foundation of most national assets, is put to its best use from 
a national point of view 

The history of land monopoly was traced to early legislative and administra 



TRANSACTIONS OF SEOTION F 


476 


live eiiors or omisHions, and to the abhence of a piopti clasbificdtiuii of land, 
with separation of pastoral and agricultural interests 

The perpetuation of the large estate once accumulated is assisted by family 
bcntiment and the innate conservatism of the average landowner 

The national desire that land should be used for its best puipose is kept 
alive by the agitation of men who desire to obtain land for agricultural purposes, 
but are prevented by the existing pastoral occupation There is also a con 
stantly increasing antagonism in the popular mind against those who misuse 
01 neglect the opportunities afforded by the ownership of land 

The experiments on hybridisation of wheat which resulted m the inventior 
of varieties capable of withstanding some degiee of drought have bi ought 
immense additional rust proof areas of land into the agricultural domain, and 
incidentally bi ought the owneis of these lands within the scope of the attack 
directed against land monopolists and those who do not use then lands to the 
best advantage 

The general policy of taxing land was analysed with special refeience to tlie 
paramount need of encouraging land settlement, and the possible contingency 
that cumulative imposts of this nature may tend to create the impression that 
such enterprises are unremunerative 

The independent action of Commonwealth, State, and Municipal agencies in 
this connection accentuates the danger, as each pursues its taxing scheme with 
a view to its own financial needs, and possibly without paying any regard to 
the gravity of the tax imposed by other agencies The possibility of substituting 
one taxing and valuing agency for the existing agencies is discussed, and a 
scheme suggested which should minimise cost and secure greater consistency and 
efficiency 

The Federal scheme of taxation was debcnbed with special lefeience to the 
policy of exemption from tax in certain cases, the graduation of tax, the 
taxation of secondarv interests, such as land represented by company shaies, 
and the taxation of absentees on the higher scale 

The relation of the taxing scheme to certain forms of land tenuie was con 
bidered The differentiation in treatment in favour of landholders in different 
states holding undei almost similar titles was shortly described 

The geneial effects of the several land tax systems in the diiection of 
stimulating settlement and bunging about a inoie effective treatment and 
gitatei pioductiveness of land was illustrated by lefeiencc to av ulablc statistics 


WEDNEbDiY, ILGLbT 19 
The following Papeis were read — 

1 On Certain Characteristics of Manufacturing huliisiry in iiislialia 
ByGIl Knibbs, C M G ,F S S 

In this papei characteristics of manufacturing industry in Australia are 
quantitatively analysed from the data covering all such industries in that 
country The basic principle of the analysis was to foim such groups as would 
disclose the relationship of the elements compared, the groups being large 
enough to minimise merely accidental influences In doing this the arbitrary 
magnitudes of individual businesses and the absolute cost of the material used 
were eliminated from the problem by restricting the analysis to capital invested 
per employ^, the added value per employ^, horse power per employe, and so on 
It is shown a prion that certain characteristics of the relations, for example 
of * added value ’ and wages, both per employe, to capital invested per employ^ 
are likely to obtain These may be expressed by an equation of the form 

The pel son il and local factois mark this in small gioupings, ind even in 
gioupings foi individual industries Ceitain laige groupings seem to show 
that these a pnon deductions do chaiacteiise industiy in the aggiegite In the 
endeavour to secure fiom industry the highest wages possible * added value* 
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measures the impoitaiice of iiidubtry to the employe, hut not to the piopiictor 
or piopiietois The pioper reduction of this covers luteiest chii^ts and generil 
iisks of iiidustiy, and is often misunderstood This is scaictly less impoitint 
in CO operative industries in a country m touch with the world This fact is 
piobablv not adequately appieciated 

The value of wages, paid in money, depends upon the purchasing powci of 
wages, I e , upon ‘effective* wiges, i e , their value reduced to some common 
datum, which is best measuied by the cost of a ‘composite unit * In Austiahi 
wages in some industiies have been deleimined on the piinciple thit they 
should bo equated to the chan,ging puces of commodities, or ‘ cost of living * 
Jn piinciple, to be equitable, this must be general But the diiect effect will 
be to increase the ])rice of commodities, and thus to force them continuilly 
upwaids, and thus to defeit itself The tendency may be exhibited by com 
puting the consequence on the assumption of in luiornatic and inst int ineous 
adjustment The effect is startling, and though pci haps of less conseciueiice in 
a self contained country, is of a fai reaching significance to a country in 
competition with the lest of the woild The complete solution ot the pioblem 
IS very difficult even for a self contained countiy 

Ecoiromic investigations to be of high viliic must be qu iniitativi , and only 
111 this way can eithci then sdcntific oi sociological v iluc be idviiued 

2 lUsiunaic oj the Pnvate Weallh of a Coinniiunl ij and Ute Mlusuic of 
its lji\(crlau\i\j By (1 JI Kmbbs, C M 0 , V S S 

It IS vciy doubtful whcthei the piiv itc vvcilth of i comnuiiiitv < ui be 
asieitained with any degree of actuiaiy evi ii by means ot in eliboiatc census 
of wealth, and even then compansoiib it diffeient dates would leqinie to be 
used with caution A rough estimate, made from a limited piicel, by me ins 
of which the iveiage pei individual is ascertained, to be applied to the eiitiic 
population, would be subject to still laiger uncertainty 

Probably, for laige aver iges, and in any one community, income uid accumu 
lated wealth are fairly closely related, and deductions may also be mule on 
that basis Such methods aie subject, however, to obvious ind |gi ive limitations 
Since death incidentally involves estimatcb of vilue ot a dect iscd s cstite foi 
the purposes of probate duty, such estimates, which ilso aio subject to giivc 
dcfictb, hive been ipplied to determine the piiv ite weilth of the living, on the 
assumption tint, with suitible pieciutions, the deceased gioup m ly be t»Ken to 
icpiesent the entire community This is essentially a ‘pircel* method 

The reliability of an estimate neccssiiily depends on the factor apjdied to the 
value of the estates of deceased peisons to get the value of all estates I his 
however, is subject to large accidental variations, and, moreover, is not constant 
since it depends on the death rate, itself a ch ingiiig quantity 

The solution reaches its highest value when age groups aie independently 
treated and its inheient limit itions are ilso best disclosed theieby There iie 
characteristic differences between the wealth of the sexes ind its variition with 
ige, and these affect all deductions 

Deductions from imorne letuins m iv be lelittd by i suitible investigation 
with those from probate returns In this connection it is impoitant not to rely 
on Pareto’s so called law The appaient rough vilidity of this law merely 
depends on the fact that a consider ible stietch of either branch of any unimodal 
frequency curve can be represented by a general parabola or hyperbola 
y — Ax^^ where n may have other than integral values It also masks its defects 
by dealing with aggiegates, since the integral of the above expiession is also a 
general parabola whose index is n+ 1 , and as a matter of fact is disposed of by 
a study of Prussian income returns 

Probate returns can hardly be regarded as normal estimates of value, and 
expel t estimates vary enormously according as to whether they tend to repre 
sent cost price, fair market value, or value at forced sale Individual estimates 
made at leisure differ enormously, and may be either sanguine or conservative 
estimates, while the diffeiences between esteem, utility, and market values aie 
voiv gicit 

The piobltm Cdiniot be nndt absoluttly definite, even by a Census of Wealth, 
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'ind IS only fwiU so whon the fliutnitins: \dlne nf the money ronimod it j (gold) 
111 tompdusoii with commodities geiiti illy is taken into ar count The expression 
ot estim ites of this elm ai ter to i high order of prei ision is of course misleading 
ind, owing to the uncei tainties in tin mithod, it is of limited value for estimates 
of in item I piogiess 


Ihe iollowing P ipei \\ is not u id hut \\ is punted in lull ind distiibiited 
to inenibeis ot tin Se( tion — 


Au^^hdluin Defonco 

ij Seniioi ilio TTon (1 Pj apc r , l^finisfpr fot l^pjoucc 

This subject fills n itiii illy iindei two mam aspects, Tmpeiial and Locil, 
with technic il divisions, Na^al and Military 

Austi ilia IS iffected by, and interested in, the defence schemes of the Empiie, 
and every phase of the question must be considered from the point of view of the 
elfictiveness of those schemes 

Ihe Iinperul Conference in 1911 m ide full provision foi the lo ordination 
nf Aiisti ilidii Nival Deferne with the Admirilty plans Theoretic illy it is 
aigued thit iny system of divided control is unsound, while, on the othei hand, 
if lo( il control is given up, local autonomy is surrendered The latter course has 
no chance of bung idoptod in Auslialii, the people of the Commonwealth con 
sidning n itioml sentiment moie poweiful than wiitten agreements A nivy 
within a ni\y is i logical outcome of a nation within a nation The na\al 
subsidy was never a popular arrangement in Australia The Dreadnought scare 
solidified opinion in favour of an Australian owned and controlled navv The 
oxpendituie on local navil defence has evoked no protest British interests 
in the Picific cannot be left to arbitrament of European nations oi to the fiiendly 
keeping of an Aeiitic ally The piovision of a fleet unit has made available to 
the Admiralty ships and personnel previously locked up in Australian waters 
Ihe Tapani se illiince is onlv foi i definite term and at its conclusion a fleet 
could not be brought into being in a moment Even a weak navy guaiaiitees 
that theie cm be no land invasion until it is destroyed oi neutralised, thus giv 
mg brexthmg time The question of so directing the naval policy of the 
Dominions as to affoid methods of effective combination and co operation m time 
ot vvii vv IS decided foi m the Navil Vgieement of 1911 

With leference to IMilitaiy Defence, Australia has adopted the piincinle of 
compulsoiy univeisal militaiy training Peisons eniolled undei the Defence Act 
cmnot be ( illed on foi seivice outside Austi ilia The obligation foi universal 
seivice m time of war was alwavs a feature of Austi alian Defence Acts The 
cl inn foi universal tiaming is based on the fact that all aie entitled to vote ind 
IS the lesiilt of i vote may involve Vustialia in wai all should theiefou be ii tlu 
responsibility Voluntaiy service is unfaii and is found by experience to be 
ineffective The vistiiess of the country demands a numeiically stiong force 
\11 liw is based iinon compulsion and to some extent tiencbes on the liberties 
of the people The distance from Europe makes it unlikely that Austi alia can 
tike inv effective part in European coiitlKts Apait from its purely militaiv 
aspect, the militiiv scheme provides foi the physical tinning of the youth of 
the Common w^ealtli and for universal medical inspection Tiaining from youth 
upw^ards instils discipline into the mind while still receptive and is a substitute 
for conscription of adults and for the barrack life inseparable from a permanent 
irmy Medical examinations take place at the ages of twelve, fourteen, and 
eighteen, the pirticulais are entered on caids and tabulated, thus pioviding 
dita of very gieit value to medical scientists These exammatious it the ages 
specified enable physical defects to be revealed, so that remedial action may be 
taken at such time as to ensuie the future life of the youth being useful and 
healthy The obligation of universal training will be an effective check on 
military jingoism by creating a sounder opinion on the realities of war 

The possession of a navy makes it essential that naval bases and dockyards 
should he provided and steps are being taken for such provision The distance 
of Australii fiom Dreit But nn is i bise of supplies renders it necessary to make 
local provision for munitions of war, and to this end various depirtmental 
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!actone<) have been eetabhehed The magnitude of Auatralia’e maritime trade 1^ 
a further justification for defence expenditure, apart from the fact that her 
population and principal cities are chiefly confined to the sea board and so render 
hei particularly vulnerable to attack 

The most important events in the development of the scheme since its incep 
tion are here outlined — 

In 1901 the Deakin Government sent a representative to the Imperial Defence 
Conference in London, at which arrangements were concluded for the establish 
ment of a Pacific Fleet, to which the United Kingdom, Canada, New Zealand, 
and Australia were to contribute fleet units Subsequently, the Federal Govern 
ment asked the Admirals to invite tenders for battle cruisers 

In 1908 9 the Fisher Government gave orders for three torpedo destroyers 

In May 1910 the Federal Government invited the Admiralty to send out an 
expert naval officer to formulate a scheme of naval defence As a result of this. 
Admiral Sir Reginald Henderson arrived in September of that year and pre 
sented his report in March 1911 

In 1910 the Fisher Government undertook to provide the remainder of the 
fleet unit, and at the present time, with the exception of one cruiser and three 
destroyers, which are in course of construction at the Commonwealth Dockyards 
in Sydney, the Australian fleet unit is in commission 

With regard to the military scheme, the Deakin Government m 1909 invited 
Lord Kitchener to visit Australia and propound a scheme of Military Defence 
under the Defence Act Lord Kitchener’s scheme is based on territorial oigani 
sation 

In 1910 the Fisher Government extended the provisions of the Defence Act 
to pro\ide for adult training 


Sydney 

P2?/D41, AVarST2\ 

The following Papers were read — 

1 SodiflnqK al of Town Planning Bif 1 D FiT/orRU.n 


2 The Health Aspect of Town Planning 
B/y John Eobertson, M D , B Sr 

Town planning in England, as we now know it, was originated to prevent th< 
evils which have arisen in the larger towns due to ciowdmg on spate, and the 
bineful influences arising from permitting factories and woiks of all kinds being 
interlaided between dwelling houses, in such a way as to make these dwellings 
dull ind gloomy fiom the smoke laden air, and dirty from the soot which guns 
sccess to the interiors In most of these large English towns adequate space foi 
healthy recieation of the dwellers in the central aieas was not provided, and 
nost instances no attention was paid to the amenities of the district, except 
instances where great natural features existed 

very important that density of population should be limited to enable 
be separated from each other (1) to allow of sunlight gaining access 
ibited room, (2) to permit of a current of air at all times round the 
allow of privacy in the dwelling without the necessity of co\ering 
^etely with curtains, which have been proved to shut out up to 
cent of the actinic power of the sun 
rranged on town planning lines are difficult to compaie with 
lines as regards their health statistics If one makes all 
and class there still remains so great a difference between 
w and the old conditions as to leave no doubt that in 
ning IS one of the greatest advances ^hich have been 
^ benefit of the public health 
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3 The Planning of Sydney — Past, Present, and Future 
By John Sulman, F R I B A 

Captain Phillip landed on January 26, 1788, in Sydney Cove, now the 
Ciicular Quay, and formed the first settlement in Australia In his eailiest 
leport he refers to the large tiees covering the site, the rocky points, and deep 
water close in shore His plan shows a street 200 feet wide, and allotments 
60 feet by 150 feet for each house, but it would not have been a workable one 
toi a city as the outlets weie not studied 

The actual plan followed the lines of the oiiginal bariacks on the Tank 
btieam, and the track to the surrounding country (now George Street) latei on 
developed by parallel and cross stieets 

Up till 1809 the growth was more or less haphazard, but Govcinoi Macquaiio 
then initiated many improvements, aligning the streets to 60 feet wide, abolish 
ing nuisances on the Tank Stream, the only water supply, and reserving Hyde 
Park in perpetuity for the recreation and amusement of the people and 
exercising the tioops 

Sir Thomas Mitchell, the Surveyor General, whose lepoit^ fioin 1827 to 1855 
aie available, did much to improve Sydney, and, had his suggestions been 
adopted, much excellent town planning would have been effected He was 
lesponsible for the reservation of Cook Paik, the preseivation of native timbeis, 
and the laying out of well graded roads into the surrounding country His 
many recommendations include a contoui load which would have obviated the 
steep William Stieet hill, the aitistic tieatment of Chuich Hill by a ciesccnt 
ind obelisk and ladial planning leading up to a dignified entrance to Govern 
nient House He advocated wider streets, and obtained an older to align to 
1(K) feet if possible, and pioposed an excellent lay out foi Noith Sydney aiouncl 
the present Crow’s Nest He also effected many sanitaiy lefoims tor ti iflic 
puiposes, and suggested small squaies at street crossings instead of toundiiig oft 
coiners 

Outside the city, however, speculators cut up land into small allotments 
with li outages to 20 feet lanes, and so laid the foundations of the slums of 
to day Later on, the outer subuibs were mostly planned with 40 feet roads, 
but cross communication between suburbs was entirely neglected !Mr ( if ter 
vv lids Sir) George Reid pissed an Act to compel i minimum width ot 00 Icct 
loi all loads, which is still in foice and has its defects as well is idv inlagos 

1 01 twenty five vears the authoi has been advociting town planning, iiid 
ill 1908 this resulted in the appointment ot a Royal Commission to coiisidti 
the inipiovement ot Sydney, and some of the recoiiimendations theieot have 
been earned out, such as the widening of Oxfoid btieet, the loiniatioii ot 
Wentwoith Avenue, and a new load fiom Woollooniooloo, iiid the lesumptioii 
of one 01 two slum aieas But these improvements have been confined to the 
city pioper 

In 1913 the Gieitei bydney Royal Commission lecommended a scheme by 
which in time ill the numeious suburban councils and areas would be absorbed, 
and power given to a unified council to town plan on a compiehensive scale, 
but legislative sanction thereto has yet to be obtained 

As regards the future development of Sydney the most urgent problems 
appear to me to be as follows — 

1 The provision of an underground city railway with branches to the 
suburbs 

2 The building of the North Shore Bridge or tunnels or both 

3 A bridge or tunnel to Balmain 

4 The widening of the main city streets to at least 100 feet to piovide not 
only for increasing surface trafilc but for light and air to the buildings 150 feet 
high permitted by Act of Parliament 

6 The formation of mam north and south and east and west i venues 

6 A propel convenient and beautiful land entiance to the city at the lailway 
station, and a watei entiance at Ciiculai Quay 

7 The setting aside of an industiial area with all facilities in the wiy ot 
1 ail way communication and water fi outages, so that manufactuiiiig may be 
earned on to the best advantage 
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8 The pltiniiiiig of a senes of mam ladial and uicumfuential loids, 300 to 
200 feet in width, to link up all paits both of the Sidney of to day and the 
greatei Sydney of the future, and the planting theieof with trees 

9 The provision of playgrounds over the whole aiea not moie than half a 
mile apart, and parks or reserves not more than a mile apart 

10 The reservation wherever possible of belts of open land in perpetuity 
between suburb and suburb, so that the greatei Sydney of the future may 
consist of the city propei and a number of suboidinate but economically self 
contained and independent centres, and thus avoid the formation of a single 
large congested city area 

11 The resumption of the foreshoies of the haibour wheiever possible, the 
allotting of specific poitions loi trade with adequ itc rail communication thereto, 
and the beautifying of the remaindei lor the use and pleisure of the public 

12 The duplication of the watei supply, foi at present eveiything depends 
on one line of pipes 

13 The passing of a Town Planning Act simil ii to tlic English one of 1909 
to enable many of the above suggestions to be ciriied out 

TIiQie are many other improvements that could be suggested, but if the 
above aie effected Sydney would be a city very different from wh it it is, and 
w 01 thy to lank amongst its peers not only m Australia but in the gioatei 
woild beyond the seas 

In conclusion the authoi expressed Ins heirty acknowledgments of the 
valuable aid given him in his researches, and foi the pel mission to photogi iph 
laie and valuable maps and plans by the authoi it les of the Lands Department, 
the Mitchell Library, the Municipal Library, the City Surveyoi, and others 


4 2 own Planninq tn relalion lo IIou^uuj and Ihallh 

By William E Dwidc^f 

The picscnt diy evils of cities aie laigely of modem giowth and due to the 
1 ipid industiiil expansion of the nineteenth centmy Slums exist in 
Australasia as in Europe, though not at present to so nnikcd a degice 

Ihe incidence of bad housing, wages, land values, and transit should all 
be considered The evils of uncontrolled subuiban development aic cvciywhcic 
appaient, and the effect of existing bylaws and legislation is in many ciscb but 
to incieabe the cost of living for the masses 

Cheap housing depends piiniaiily on cheap land and chtip ti nisit ( uttages 
compete favouiably with block dwellings from the point of view of commeiciil 
and family life Economic rent is, however, stnctly limited, and capitil 
expenditure on roadmaking and constructional works should be reduced to the 
ab‘-Ciate minim um Priceb of building materials aie advancing, and the cheap 
cottage becoming increasingly difficult 

Garden Cities and Garden Suburbs seek to amalgamate the forces of industiiil 
progress with those of health and sociil welfaie In a system of garden subuibs 
linked to a central business community the advantages of both town and country 
may be secured 

The effect of public open space ind paiklands is under present conditions to 
inciease the value of land in the immediite vicinity, and thus in some cases 
to render still more difficult the housing of the poorest part of the community 
The Garden City ideal is to bring every part of the community in close touch 
with the open country The belt of agricultural land has many economic 
possibilities, apart from its use for allotments, recreation grounds, and similai 
purposes The pioneer settlements in both Australia and New Zealand were in 
many ways practical forerunners of the Garden City ideal 

The individual owner under a properly considered town planning proposal 
has perfect security as to the development of adjoining piopeities, and the 
growth of a proper civic spiiit can be encouraged Co partnership in housing, 
combined with the limitation of dividends, has achieved great success in the 
development of such communities, and by the aid of State loans there are many 
further possibilities of co operation between State, municipality, and individual 
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Gieatex still is the possibility of bringing existing towns into conformity with 
Garden City principles Legislation is necessary to provide for the town 
planning of future suburbs and the improvement of existing towns 


MONDAY, AUGUST 24 

The following Papers were read — 

1 The Influence of Distribution on Production 
By Professor E F Irvine, M A 

The object of this paper was to suggest a line of inquiry rather than to 
attempt a complete demonstration 

1 Owing partly to the fact that economists have often failed to give due 
weight to social leactions and interactions, the tendency has been to regard 
Distribution as a result, and as a result only The social income is always a 
function of production, the amount which is actually distributed depends 
entirely upon the efhciency of the Productive system 

2 There was no hint in the ‘ Classical * Political Economy that an improve 
ment in Distribution — 'by which is meant an approach to greatei equality- 
might lead to gieatei social well being than actual iniiea&e of the income 
Professoi Pigou his leceiitly shown, and most economists idmit the \alidity of 
his reasoning, thit * so long as the dividend as a whole is not diminished, a gain 
to the pool, achieved through moie equal distribution, means an addition to 
ciononuc \Nelfare ’ This is the fiist step in the line ot argument suggested 

3 The next step is to show that it almost eveiy stage of industrial evolution 
tlieie has existed a fund which might ha\e been ledistnbuted without in any 
way impairing the etticiency of production 

4 Except in so far as they ha\e recognised the ‘economy of high wages ’ oi 
cxpiessed, in stiay pissages, the belief that a moie equal distiibiition would he 
a gam to pioduction efhcieiuy, economists hi\c made no foimal attempt to 
examine the fiuther possibility that an impioiement m distribution might lead 
to an mil else in the diMdend itself It w is the aim of this papei to suggi^'t that 
carefully giaduated appioaches to gieatei equality will in the long iim result 
ill (1) i chmge m the direction of mdustiv, ind (2) an mcieise in tlie \olume of 
pioduction 

5 The hist point needs little elaboiation It the incomes of the weilthici 
ihsses, 01 , rathei, the imounts they noimilly expend on consumption, weic 
lediued by a given imount, and this imount distiibuted among the pooler 
mcmbeis of the community, it is evident theie would be, in consequence, (a) i 
diminished production of some of the luxuiies oi the iich, and (//) in mcieased 
pioduction of the necessaries, comfoits, ind luxuiies desired bj the poorci 
ilisses No mattei how slight the incieise of ‘puichising powei ’ thus diffused 
iniong the litter, it will effect a change m the direction of mdustiy Society 
will begin to oiginise itself m a new way, bettei calculated to piomote the 
i^cncial welfiie Fewei workeis and less c ipital will be engaged m the seivice 
of w isteful ostentation and m the pioMsion of luxuiies which tend normally to 
dimmish pioductivitj 

b But this diffusion of purchasing powei cannot stop at a meie dneision of 
mdustiy Given time, it will exeicise a powei ful stimulus on the whole pioduc 
tive system The new force of demand, coming is it does fiom the millions, 
will be peisistent and reliable, ind will set m motion forces which tend to 
progressive improvements m machmeiy m piocesses m oiganisation and finally 
to reduced costs It will tend ilso to increase the supply of ability by bringing 
new classes to a higher plane of existence 

7 There are, of course, limitations, but they aie all capable of expansion 
They are — 

(а) Available natural resources 

(б) The capacity of all classes to understand the situation and to co operate 
to make the most of opportunities 
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(c) The recognition that if production is to be efficient no factor can safely be 
deprived of the stimulus necessary to evoke its fullest service 

(d) The capacity of society to secure control of monopoly, and particularly 
monopoly price making 

8 Illustration of the principle from a consideration of transitions in industrial 
history 

9 Its relation to the question of a national minimum wage and to Wages 
Boaid awards 


2 Some Thoughts on Economic Evolution 
By Piofessoi H O Mebedith 

Economic evolution is due paitly to changes winch are external to the indi 
vidual and are laigely non economic in their own nature It is pait of the 
business of the economist to study these changes because they are in themselves 
indubitably economic phenomena , but inasmuch as some at least of their causes 
belong^ to the data of othei sciences, they illustiate the difficulty of driwing a 
precise line between the economic and other fields of study 

Economic evolution is also partly due to a kind of activity winch is both 
individual and in a strict sense economic This activity may be called * creative 
enterprise’ it offers close analogies to the activities which chiefly determine 
progresa on other sides of human life The working of this foice has been some 
what neglected or disguised in the development of economic science mainly 
because it lends itself so little to scientific measurement or analysis This 
neglect is of small moment in statical studies, since the force plays no part in 
relation to statical phenomena Its tacit exclusion fiom dynamic hypotheses 
is a more serious matter a atudy of dynamic phenomena which neglects one of 
then mini deteimniants is necessarily unsatisfactory 


3 The Bate of IntefesL in iustralia By \ Duckworih, F R Eton S 

The circumstances which regulate the rate of inteiest have by many wiiteis 
been treated in a somewhat loose way The late of interest on new investments 
of capital IS that which is of chief importance Some writers legard the real 
cause of interest as monopoly, and without piivate ownership of land, interest 
never would have existed, whilst compound interest is asseited to be ^v^ong in 
theory Such \iews need to be considered in any consideration of the subject 
As regards Australia, boiiowcd capital has been largely availed of in the 
development of the countiy The public debt of the Commonwealth exceeds 
three hundred millions, but is largely represented by productive assets such is 
railways, &c At times the internal market has been denuded of capital by 
Governments competing with private borrowers The State, by means of the 
savings banks, has been able to attract savings of the community to the extent of 
about seventy millions To stop the supply of Government loans would mean 
distui banco of tiade and stoppage of public woiks already in progress Austral 
asian Government loans issued in London falling due up to 1920 exceed fifty 
million pounds The importance of renewals on good terms is obvious Next to 
Governments, the cheque paying banks control large sums on deposit Average 
deposits, one hundred and one millions in 1893, in 1912 were one hundred and forty 
eight and a half million pounds The fire and life insurance offices form another 
financial factor with funds exceeding sixty million pounds and possibly becoming a 
dominating factor in the local markets As they do not trade on borrowed money, 
and need not realise for long periods, they may impartially select both borrower 
and security In England and America their operations are much more extensive 
On the whole, Australia now owes overseas less than she did ten years ago The 
security of the principal of her debt is of course undoubted, being based on 
public credit, backed by rates and taxes, and by the revenue from public under 
takings and private enterprises With a high rate of profit, such as is usually 
attendant upon the successful and rapid development of new countries, it follows 
that the rate of inteiest in Australia must continue for long enough to be higher 
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than in older settled communities The taking of interest presents itself in a 
different aspect now from that of the Middle Ages, when the actual prohibitions 
of the Church were constantly evaded by ingenious legal fictions Supposing 
farmers in Australia to obtain a profit of twenty per cent in comparison with 
farmers in England aible only to obtain, say, a profit of ten per cent , the Austra 
lian farmers can obviously afford to pay a higher rate of interest for the use of 
the necessary capital The rate of profit determines in general both the maximum 
and the minimum of interest If any monetary combination were to be pro 
posed so as to secure any monopoly of capital — a money trust — Government 
moneys and funds of insurance and other financial corporations would be oppos 
ing factors The woild’s need for capital leads to higher prices for capital 
Australia is necessarily affected by the outlook, but unforeseen factors may 
modify the most careful attempts to forecast the future of the rate of interest in 
Australia 


TUESDAYy AUOUST 2^ 

The following Papeis and Report were read — 

1 The Economics of Marine Fuel By Piofes^^oi A W Ktrkmdy 

The utility of the steamer was limited until — 

(1) Coaling stations were available at convenient distances on ocean loiites 

(2) Improvements were effected m the marine engine and boiler which 
resulted in a moderate consumption of fuel Of these — 

(1) was effected under British stimulus First the mail loutes were 
equipped with coaling stations , then, when these were piepaied to supply fuel 
to all comeis, the cii go steamer became a possible competitor with the sailing 
ship Gradually all lOutes where steamers can operate have been provided with 
< oaling stations In the first instance these coaling stations were supplied with 
English coal 

The mail and passenger services admitted of heavy expenditure which cargo 
steamers competing with sailing ships, and without subsidies, could not have 
faced 

(2) The second limitation to the steamer was met by the invention of the 
compound engine in the year 1858 This invention opened up the possibility 
of steamers competing with sailing ships for world commerce In 1881 the 
triple expansion engine and subsequent improvements — quadiuple expansion, 
twin and quadrujile screws, the geared turbine and the internal combustion 
engines — ^have completed the victory of mechanical propulsion over sails 

At the present moment the attention of managers of cargo steamers is 
focussed on the rivalry between the geared turbine engine and the internal 
combustion engine 

Coahnq Stations, their Equipment and Supply 

(1) At first they were English both in organisation and in supply of fuel 

(2) Gradually came the opening up of other sources of supply of fuel for 
shipping purposes — 

Australia, India, Japan, the United States of America, Germany, South 
Africa, etc 

(3) Hence a restriction of the area that can be economically supplied from 
English collieries The area has been reduced, but there has developed an 
increased demand foi English coal m the smaller aiea 

(4) The importance of coal freight to ocean commerce — 

(a) It equalises the bulk of imports and exports in United Kingdom 
trade 

(h) The Suez route supplied mainly with British coal 
(c) The Panama route may be supplied with American coal 
\d) What this competition may entail 


I I 2 
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Tlit Etonomic^ of Oil Fud 

Cotil in its crude state cm only be utilised for steam rusiiis; pui poses in i 
f urn ice, hence — 

(1) t)ie necessity of lircje coal bunker space in steimeis 

(2) coal being tornpii iti\(l> difficult to h indie and stow on boaid slnp has 
to be pUctd near the boihis 

(1) the bunkers occupy some of the best caigo spue 

(4) these veiy considei ibly affect laigo ciTi\ing cap u it} incl so the 
economic il woiking of the ship 

Oil can be utilised in eithei a furnace oi in i cylindei -/ e rn ly be used foi 
eiihei recipiocating or internal combustion engines 11ns his sevci il im 
portant economic effects — ^ 

(A) Where used as fuel foi reciprocating engines — 

(i ) one ton of oil will do the work of ton of coal 
^11 ) bunkei space is gieatly reduced because — 

(n) less fuel need be earned 

(6) the^oil can be pumped into an} out of the way space in the ship, thus 
spaces into which neither coal nor cargo could be stowed can be utilised 
(c) oil can be earned in the ballast tanks '' 

(ill ) economy in transporting, handling storing, and stowing 
(iv ) less labour is required — 

(a) only about two thirds the number of firemen need be carried 
{h) no trimmers are required — ^these two items reduce the wages bill by about 
33 per cent 

(c) the food bill is reduced by a like amount 

(a) less accommodation is lequiied for engine room stiff 

The saving in wages food, and cost of fuel in i recent tiiil of oil against 
coal, tried on the same vessel, showed an advantage in fi\onr of ml of no less 
than 34/ on one day s steaming on a steamer of 3,80() tons 

(B) In the case of internal combustion engines — 

(i ) one ton of oil will do the work of four tons used for lieating boilers 

(ii ) there is considerable reduction of bunker spice over oil consuming 
reciprocating engines, and a very much greater saving of spue ovei (oil driven 
engines 

(ill ) there is the economy m handling, tianspoiting stoiing ind stowing 
alread} noticed 

(iv 1 effects on laboui — 

(ri) less labour is required, here theie is in economy over engines diiven by 
oil fuel, as neither firemen nor trimmers are required 

(A) the numbei of the other members of the engine room stiff can be reduied 
(c) mortal effects — these are important Ihe coaling and stoking of steameis 
have a brutalising effect on the men employed This is a blot on steam 
ship service The greatei cleanliness and the bettei conditions of work 
connected with the use of oil as fuel will tend to raise the standaid of one cliss 

of shipping labour, and will eliminate altogether a type of wr ’ 

inherently brutalising 

(v ) the engines occupy less space and there ire no 1 
in space includes — 

(а) bunkers 

(б) engine and boiler room space 

(r) sleeping and other accommodation fo 

(C) Sources of supply — 

These are now known to be far 
include — 

(I ) Oil in the fluid state 

(IT ) Various shales, coal, etc , whe/ 

As to (T ) of areas already sup| 
apparently a vast workable area runnj 
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The known resources of North and South America are very gieat, and in 
Canada, the West Indies, and in many parts of South America theie is promise 
of equally rich supplies yet to be tapped 

As to (II ) the various shale areas have hitherto scarcely been worked 
Scotland is rich in shales, and, only to mention newly discovered fields, there 
aie rich shale areas in Australia, New Zealand, and South Africa In nearly 
every land area there exist shales, coal of various qualities, or clays whence 
oils can be distilled 

So far as coal is concerned, to utilise it in this way would result in 
economising coal resources, and much that is now wasted would be utilised 

Some distilled oil contains impurities, but this drawback must sooner or later 
be overcome 

(D) Price of oil — 

This at present is a problem, but some experts are sanguine that when the 
oil industry is efficiently organised the great supply available will sell at a 
moderate price 

It has been estimated that, given an efficient internal combustion engine, oil 
at even 6 l a ton would show a saving over coal driven reciprocating engines, at 
cuiient coal prices 

(E) The need of the moment is that the Empire should train men to work 
its resources, which promise to be ample for all purposes At present oil experts 
arc either Americans or natives of Eastern Europe Hence the British industry 
IS, to some extent, in the hands of those possibly having antagonistic interests 

Only one University in the United Kingdom has organised a course of 
training foi oil mining Eveiy modern University in the Empire should supply 
this tiaining 

111 conclusion, this is not meiely a matter of international commercial 
competition It is a far wider question on which the healthy social development 
of the Empire may depend Sources of power must be developed to the utmost 
in the inteiests not only of the trade and commerce of the Empire, but of the 
woild as a whole The possibility of the British Empire taking a loiter place, 
when it contains resources which should enable it to lead the world, would 
lesult 111 a set back to civilisation 


2 The belctlwn of Employment for Juitniltb 

Hiy Mib C M Mfkeditii 

The selection of employment foi juveniles has only lecently become i mattei 
ioi Stite ictioii 111 England Attention has been directed to it piimaiily as one 
side of the general movement foi dealing with unemployment, and as a me ins of 
lessening the number of ‘ blind alley ’ occupations adopted 

In this pipei I propose to discuss two questions — 

1 The considerations of economic importance to the community which should 
he kept in view in selecting employment for a boy or girl leaving school at 
foul teen 

2 The infoimation at present available to aid in such selection and m what 
ways this lequires amplification 

1 Fiom the economic point of view the boy’s futuie work as an adult citizen 
is moi e important than his present capacity foi w ork , hence an employment must 
be legarded as ‘ bad ’ not onlv (a) if it tends to produce deterioration (whether 
physical, mental, or moral) in the worker, but also ( 6 ) if, although healthy and 
dcsiiable in itself, it prevents him from getting the training requiied to enable 
him to earn an adequate wage when he is grown up 

It IS also necessary to consider how fai a boy’s success is dependent on the 
natuie of the occupation he selects and how far it is chiefly a matter of character 
and * general ’ intelligence On this point different opinions aie held, and some 
questions await further investigation, notably that of the connection between 
enjoyment of work and efficiency 

2 We requiie to know (a) the conditions pievailmg in the vaiious cmplo> 
nients and the qualities demanded in those who enter them, (b) the qualities 



486 


TKANSAOTIONS OF SECTION F 


and tastes of the boy seeking employnient On the foriner point a considerable 
body of evidence is readily available, and more can be obtained without serious 
diffaculty The second point presents many moie obstacles The chief sources of 
information are (1) The boy himself ^ (2) his parents, (3) other persons interested 
in him, such as members of the school care committee, (4) the reports from his 
school 

Of these sources of information the possibilities of No 4 have as yet hardly 
been recognised in England, with the exception of the reports relating to health 
The school reports on other matters could be extended, and could be based on 
evidence collected, by experimental oi other means, directly with a view to find 
mg the special qualities whose presence or absence is important as a guide to the 
selection of work 


3 Interim Report on the Question of Fatigue from the Economic 
Standpoint — See Eeports, p 175 


4 Industrial Arbitration in relation to Socialism 
By F A A Kusslll, M A 

The system of Industrial Arbitration commenced m New South Wales by the 
Act of 1901 (Mr Wise’s Act), the Board system introduced by the Act of 1908 
(Ml Wade’s Act), the rapid creation of Industrial Boards ddhling with nearly 
all industries in Sydney and in many country parts This Act becomes a means 
of lapid introduction of State regulation of labour both as to wages and othei 
industrial conditions , the system of the Wade Act continued and enlarged by the 
Act of 1912 (Mr Beeby’s Act) So that for most practical purposes we may 
regard the operation of Industrial Arbitration fiom 1908 to the present moment 
as the woikiiig of a continuous system^ subject mainly to some difference of 
administration 

A First mam result of the 1908 Act — (1) The spread of unionism is 
assisted and accelerated both m the country and iii the metropolis in industries 
wheie it had before very little foothold, and (2) the consolidation of unionism 
where it already obtamed The 1912 Act helps on completion of this process 

B Further results — It is my opinion, and I shall attempt to show, that the 
Wade Act introduced a largei measure of Industiial Socialism than the leadeis 
of the party which passed it lealised at the time Suggest there are few people 
who realise now the changes capable of being achieved in the industiial structure 
of society, and which are in pait occurring at the present moment, under these 
and similar Acts 

Some description of the more important controversies which have arisen in the 
working out of the system and some understanding of the stages reached to date 
on the lines of these controversies required to illustrate these views 

(1) Preference to Umonuts tends to drive all men into Unions , the mild form 
in which it IS allowed in New South Wales tends to mitigate personal hardships 
in transition stage, its chief value to the Unions lies in fact of further recog 
nition, plus an organising value — not directly injurious to employers (unless the 
whole system is injurious) — a part of a Socialist movement, but right in kind 
Combat the idea that personal freedom is leally menaced by unionism 

(2) The lines of development of unionism, and of the jurisdictions dealing 
with industrial matters The Crafts v Industries argument in relation to the 
principles on which Unions are constituted, and jurisdictions dealing with them 
marked out Earliest administration of the Beeby Act represents high water 
mark for Craft Unionism in New South Wales Both the Craft and the Indus 
tries Union are necessary The problem of adjusting their rights Opinion that 
Unions constituted on the Industry basis are the more suited to modern develop 
ments, and the mere force of ciicumstanoes is favouiing this principle of con 
stitution, while the Crafts Unions^ act as a consei vative check The Industries 
Union may favour Syndicalist action, but any danger in that should be averted 
by means other than an attempt to favour the Craft Union 
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(3) Claims for flat rates of wages — reasons advanced — ^instances of attain 
ment and instances of increasing diversity of rates — general tendency 

C BiBvng Wages — How far the Boards have created, and how far merely 
regulated, a rising tide of wages The effect of increases of wages upon 
employers, assets, and business The relevancy of profits to wages, and the 
movement towards the adoption of higher standard for prescribing rates of wages 
rather than the mere prevention of sweating, prescribing the standard wage 
Conjecture as to the future operation of the system in periods of falling as well 
as of rising markets 


5 The Artificial Regulation of Wages By G S Bn by 

The original conception of the Australasian experiments in industrial reguli 
tion was the prevention of sweating by the legal enactment of minimum wages 
To this has been added the statutory prohibition of strikes and lock outs, and 
the consequent establishment of tribunals with power to substitute elaborate 
codes of working conditions, capable of legal enforcement, for voluntary con 
tracts of employment There is now sufficient data aviilable to justify a cntic il 
analysis of this experiment 

Industrial arbitration has been successful in removing from Australia the 
icpioach of sweated industries, and in raising the standard of unskilled workers 
It has proved that permanent conciliatory machinery is of value in bunging 
(lisjnitiiig parties together •'iid effecting eailier settlement of seiious strikes 

( (instant open inquiiy into the wages and working conditions ot cnii>lo>ccs 
has been of great educational value and has led to more sympathetic consider i 
tion by the general public of the wage earneis* agitation tor a highei stindiid 
of comfort, and to a widei public interest in economic piohlems 

It has failed to give the pioinised immunity fiom strikes and lock outs, but 
has reduced the duiation and intensity of serious industiial distuibances Bv 
cncounging and facilititing the organisation of employees in many occupations 
which wcic not pieviously unionised it has mcreased the number of ininoi strikes 
It has contiibuted to a decline in the stuidard of efficiency in two ways 
first, by liigely me leasing the wages payable to unapprenticed juniois, theieby 
1 educing the incenti^re to follow fixed tildes, -secondly, by — in exercise of its 
aibitral functions in settlement or pre\ention of strikes — prescribing high 
minima, which become * st indaids,’ theiebj- lemoving the competitne incentive 
to inefficient workmen to improve their earning capacity This decline in efh 
ciency is accompanied by a reduction of output In many occupitions, notwith 
standing the inciease of wages, the average output per employee has substiii 
ti illy decreased But this cannot be icgaided is a reoult of artifici il legulition 
of wages It is clearly traceable to shoitage of labour — the continued increise 
in demand for workmen, without a corresponding increase in supply 

Australia's greatest period of material development and progress has svn 
chionised with its industrial experiments Employers as i cl iss have up to the 
present generally been able to adjust increased labour cost without leducing 
profits But we aie approaching the breaking point The elabonte codes which 
the Arbitration Courts substitute for ordinary contracts of employment, and the 
persistent increases in minimum wages, will shortly begin to encroach on profits 
When this happens, and shrinkage of enterprise tollows, a general leconsidera 
tion ot the whole scheme of industrial regulation is ine\itable 

Before long I believe we will sift the good results from the bad, and out of 
the whole system w ill retain the living w age, the maximum hours of employment, 
and a revised scheme of apprenticeship We will draw a line below which there 
will be no competition for employment, but above which the ordinary economic 
forces will again come into play 

The elaborate machinery now existing will give way to a Board of Trade 
which will each two or three years prescribe a general living wage The attempts 
to penalise strikes and lock outs will give way to simple conciliation machinery, 
under which every threatened industrial upheaval will be openly inquired into 
ind the parties encouraged and assisted to voluntarily settle their differences 
The worker will before long realise that we have reached the limit of artificial 
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regulation of wages, and that his energy in the future will be bettei directed to 
increasing the purchasing power of his so\ereign, rather than to adding anothei 
sovereign to his weekly wage 


6 Iho Development of Organisation in relation to Pioqio^s 
By W E ScoiT, M 4 , D Phil , Litt D 

Though the name ‘organisation * is comparatively new, the idea is old In 
Mercantilism there was involved the conception of the organisation of States on 
a national basis instead of the medi*Bval one of a manor oi citv, and i somewliat 
similar tendency may be seen at the present time in the development of the policy 
of new countries The \iew that the Physiocrats represent a revolt agiinst 
Mercantilism is erioneous Theic was leally continuity of thought While the 
Physiocrats aimed at an ideal of cosmopolitanism, organisation cime to be con 
sidered as something emanating from the initiative of individuals, not from the 
State, as with the Mercantilists Under the influence of Adam Smith this idei 
continued «-till biological studies gave as a byproduct the conception of ‘sociil 
oiganisms,’ whence organisation acquiied a new meaning in rel ition to the ere it 
iiig of such organisms or adding new functions to them The implied leferenco 
to a social organism causes oiganisation to be used in an analogical sense, and 
theie IS a tendency to abstract the mode of organising fiom that which is 
organised, and to hypostatise the absti action- as when oigimsation is termed an 
agent of production 

The modern conception of oiganisation, when duly limited and defined, is 
valuable in suggesting an organic reference, and as indicating that an organised 
body IS something different from the paits which go to the making of it But the 
teim ‘organisation ’ is generally applied to small groups of peisons, which miy 
behave antagonistically to each other Hence, in this use of the woid, modern 
oiganisation is nai lower than that which the Mercantilists aimed at Socialism, 
on the other hand, piesents a more comprehensive idea of organisation, but one 
which most of its advocates now believe is unlikely to be brought into existence 
as a completed whole, and which can only be approximated gradually by succes 
sive stages 

In addition to what is now usually called organisation, there is also social 
organisation, which is often described as social betterment, social service, or social 
reform This movement involves united action by the whole community for 
improymg the condition of some section of its membeis, in the belief that such 
action IS for the ultimate, if remote, benefit of the State Instances are to be 
found in State education. State controlled immigration, labour exchanges, sick 
ness insurance, invalidity insurance, conciliation or arbitration in labour disputes 

Social organisation differs from the primary form of St ite activity (c q , the 
defence of the country or the administration of justice) in that, while both are 
administered by the State, the latter concerns all citizens, while the former 
relates much more nearly to certain groups only Modern sociil organisation 
differs from that of the Mercantilists in being concerned in the first instance with 
the creation of immaterial wealth, though in the end it is likely to yield a vast 
return on the labour and outlay in material wealth also But that return cannot 
be predicted as absolutely certain In most cases the result of social reforms 
only appears after a long lapse of time, and therefore there is the danger that, 
m the interval before actual experience yields a verification or refutation of the 
special form of organisation, social welfare may be pro tanto diminished instead 
of being increased Therefore the conditions under which social organisation 
must be carried on render it imperatively necessary that the widest and most 
accurate knowledge of economic and social conditions should be available, aided 
and supplemented by the tact and judgment of the man of affairs 


7 The Economic Ideal By Professor S J Chapman 

This paper was an attempt to define the mam economic characteristics of the 
ultimate end that should be allied at by social reform On the productive side 
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the need of efficiency is obvious, but in addition production should be directly 
yielding in satisfaction and be lesponsive to demand From these deBiderata 
important piactical corollaries can be deduced Two maxims of distribution 
can be laid down — the one leading to distribution according to needs, and the 
other to distribution according to productive value They appear to conflict, but 
analysis of fundamental ideas seems to show that then harmony is not inherentlv 
impossible In consumption or demand the ideal is easily stated, but the 
reform of demand has hitherto proved itself a remarkably intractable problem 
* Individualising ’ betterment is of great value, but massive results can only 
be ittained when it is aided bv a suitable environment and meisures calculated 
to mould class ideas Socialism and Indniduahsm, as commonly understood 
to d iv, lel ite mainly to means Advocates of both may agree is to ends, and to 
attuii tins igioement would sa\e endless futilities in discussion and action 
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Seciion G — engineering 

President of a he Section — ^Piofessor E G Cokir, M A , D Sc , 

M Inst C E 


The President delivered the following Addiess at Sydney on hiiday 
August 21 — 

The subject of stress distiibution in mateiials^ which I have chosen for this 
address, is not one which an engineer can clum as his peculiar province, foi it 
has been and still is a fruitful field of investigation for the mathematician, tho 
physicist and the geologist, and has always been so since the commencement of 
scientific inquiry, indeed, it must have been the source of speculation ind con 
troversy ever since mankind emerged from a piimitive state, and began to fashion 
dwellings, weapons, and tools from the nnterials at command 

The development of architectuie from the eailiest dwellings of siv ige i in s 
to the great temples of Egypt and Greece the bridges and aqueducts of the 
Romans, and the medisBval buildings of Em ope, all bear witness to the accumula 
tion of piactical knowledge of the properties of materials and of the sticss dis 
tnbution m stiuctures, which we cannot fail to admire, although we know f ii 
too little of tho way in which these ancient otiuctmcs were plinned and con 
structed The magnificent arehed and domed buildings of the Roman peiiod, and 
the stately cathedrals of later times with their wealth of architectuial foim- - 
tower and spire, flying buttress and vaulting— all show liow considei ible w is the 
practical knowledge of stress distiibution possessed by the master builders who 
planned and carried out these great structures We, who inherit these buildings 
as a precious legacy of bygone ages, have at our command far greater resources 
in the accumulated knowledge of centuries of scientific discovery and invention, 
and can build more complex stiuctures — great bridges of steel, toweling frame 
works covered by a thin veneer of masonry, and floating arsenals of the most 
bewildeiing intricacy All these we can show to our credit as the reoult of the 
steady increase of scientific knowledge xppiied to practical ends, but, even now, 
knowledge of the stresses which come upon these complex stiuctures and 
machines is relatively small Scientific investigations of engineering problems of 
stress still lag behind constructive ability, and defective knowledge is obscured 
more or less by approximate theories and buttressed by factors of safety, which 
serve in one instance perhaps, but show in others that they have merely given a 
sense of fancied security with no real basis, and are more properly factors of 
Ignorance, to be discarded at the earliest moment Who, for example, can say 
with certainty what is the stress distribution throughout the compression members 
of a great bridge, built up of complicated steel shapes and plates, united by 
stiffening angles, gusset plates, and innumerable rivets ^ There is probably good 
reason for the ^lief that a great strut is relatively weaker than a small one, 
when both are designed according to the same approximate formulae now used in 
current practice, and engineers are unwilling to take the responsibility for such 
members in a great stjucture, without providing a very ample margin of safety 
to cover the contingencies arising from lack of precise knowledge of the strength 
of these members So numerous are the problems which arise in the design and 
construction of machines and structures that it is perhaps not unprofitable to 
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devote a short houi to the consideration of some of the available means which 
an engineer can use as a guide for his applications of science to construction, 
since of whatever kind are the professional activities he pursues, his place in the 
scheme of affairs mainly depends on his ability to make machines and structures 
for directing and modifying natural souioes of power in known ways, or applying 
them to new purposes as scientific discoveries advance the boundaries of 
knowledge 

The power to do this depends, to no small extent, upon the ability to deter 
mine the distribution of stress in a structure, and the skilful manner in which 
material can be disposed for the required purpose 

It IS of some help to our appreciation of the achievements of the great con 
structors of past ages, if we remember that they probably all held the eironeous 
view that materials of construction are perfectly rigid bodies, and, indeed, wo 
know that as late as 1638 Galileo Galilei was of that opinion, and that he came 
to dll eiit rely wrong conclusion as regards the stress distribution in a loaded 
cantilever 

It required the genius and insight of Robert Hooke to make a really great 
step, with his celebrated theory of the linear relation of stress to strain, and we 
can appreciate the glow of pride and satisfaction which he must have felt at his 
great discovery, when he records in 1675 that * his Majesty was pleased to see the 
expel iment that made out this theory tried at Whitehall, as also my spring 
watch ’ 

Hooke had, in fact, * discovered the fundamental principle upon which a 
theory of the elasticity and strength of materials could be based, and it would be 
inteiesting to tiace the great advances which were rapidly made from this new 
vantage giouiid, whereby the mam facts of the distribution of stress in simple 
members of structures became known, and a foundation was laid for the great 
advances of the mathematical theory If I am silent upon the enormous develop 
ments of the modern theory of the strength of materials it is not from lack of 
appicciation, but because I do not deem myself adequately fitted to discuss the 
gieat work of the elasticians, which all engineers admire, and so few are 
equipped to follow with the full battery of mathematical tools which have been 
presaed into seivice in the pursuit of this great science 

Among the greatest of the services rendered by early pioneers was that of 
Young, who was the first to notice that the elastic resistance of a body to shear 
was difteieiit fiom its lesistance to extension or contraction, and this led him to 
define a modulus of elasticity foi inateiials in compiession As Professor Love 
lemarks, * This intioduction of a definite physical concept, which descends, as 
it weie, from a deal sky on the readeis of mathematical memoirs, marks an 
epoch in the history of the science * 

Fiom the standpoint of the engineei, nothing is of moie practical importance 
than the great discoveries of Hooke and Young, that bodies like metal, wood, and 
stone aie ‘spungy’ and have a simple Imeai relation between stress and strain 
It IS probibly within the maik to say that nine tenths of all the experimental 
investigations on atiess distributions in structures have been entirely based on 
the fundamental principles which they enunciated, and new uses are continually 
arising The recent application of the steam turbine to the propulsion of ships 
produced a profound change in marine engine piactice, and incidentally involved 
an entire reconstruction of methods for obtaining the horse power developed, 
which had been gradually perfected from the time of Watt, but were absolutely 
useless for the new system of propulsion Hooke’s discovery of the essential 
springiness of metals enabled engineers quickly to devise new instruments capable 
of accurately measuring the infinitesimal angulai distoitions of propeller shafts, 
and from these to determine the horse powei transmitted by the aid of an appro 
priate modulus 

The constiuctiori of tall buildings affords another example where advantage 
has been taken to determine the loads upon columns by measuring the minute 
diminutions of length as the structure proceeds, thereby affording a valuable 
check upon the calculations for these members, and a reliable indication of the 
pressures supported by the foundations 

The distiibution of stress in buildings constructed of composite mateiials like 
conciete leinforced with steel has also been examined by simihi methods, and 
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much ddtd for guidance in futuie constiuctional woik has been obtained, 
especially in the United States of America 

The still more difficult problems involved in the determination of the stresses 
in joints and fastenings of complicated stiuctures have often been investigated 
by purely mechanical measurements of strain, and the experimental investigations 
of Professors Bairaclough and Gibson and their pupils upon the distribution of 
stress due to riveted joints and curved plates of boiler shells afford a notable 
example of the successful application of the measurement of small strains to a 
stress problem of great complexity 

That * science is measurement ’ is here sufficiently obvious, and it seems only 
due to the memory of that great engineer, Sir Joseph Whitworth, to refer to his 
great mechanical achievements of a true plane and well nigh perfect screw, 
which enabled him to measure changes of one millionth of an inch, and thereby 
gave experimental investigations of strains a new impetus, which is i ejected in 
subsequent work on the subject Nor must we forget the no less important 
exposition, by Kelvin and Tait, of the scientific principles of instrument construe 
tion which have done so much for the design of instiuments for the precise 
measurement of strains 

MecKknical measurements cannot, however, completely satisfy all our modern 
1 equirements, since they are essentially aveiage values, and fail to accommodate 
themselves to many of the problems which press for solution 

In the quest for exact experimental knowledge, the measurement of stress at 
a point becomes of paramount importance, and we may, therefore, inquiie whit 
tuither means the researches of pure science have placed at our disposal foi the 
determination of stress distribution in mateiials 

It IS well known that many materials when tested to destiuction show a 
considerable rise of temperature at the place of fracture, especially in very ductile 
materials, but Weber was the fiist to discover that a metal wire when stretched 
vithin the elastic limit is cooled by the action of the load, and this result was 
deducted later from the laws of thermo elastic behaviour of materials by Lord 
Kelvin, who showed that tension and compression loads produi e opposite effects, 
and that materials which have the property of contracting with use of tempera 
ture show thermal effects of the reveise kind Although the changes of tern 
perature produced by stress are small within the elastic range— less than 1° C 
for most materials — yet their effect upon a thermo couple is readily meisuiable 
if the equilibrating effects of surrounding bodies aie neutialised oi allowed foi, 
so that stress distribution can be determined by thermal measurements at a point 
The coriection for such disturbing causes is usually an impoitant factoi, and is 
generally so large that expeiimcntal work is more suitable for the laboratoiy than 
the workshop, but if all necessary precautions aie taken a liiieai relation of stress 
to strain can be shown to hold up to the elastic limit of the mateiiil, while above 
this point the bieak down of the stiucture causes a use of tempeiature of so 
marked a character that it has been utilised by several investigitois is an indi 
cation of the yield point 

Experiments, upon members subjected to tension, compression, ind bending, 
show that thermal phenomena afford trustworthy indications of the stiess in 
mateiials so di\eise as a rolled steel section, a block of cement, ind beams of 
stone and slate Although no attempt appears to have been made to investigate 
stress distributions of any great complexity, it seems not unlikely that thermal 
methods of investigation will ultimately prove of considerable value 

The transparency of metals to Rontgen rays is another phenomenon which 
has often been suggested as likely to be of service for work on stress distribution 
in materials, and Mr How grave Graham and I have examined a number of 
rolled metals under stress up to the breaking point, without, however, discovering 
any change m the appearance of the material as seen on a fluorescent screen 
Although our experiments showed no perceptible change, it is, of course, not 
impossible that an effect may have escaped our notice 

Another and still more fascinating field of research on stress distribution is 
afforded by the doubly refractive properties of transparent bodies under stiess, 
a discovery made by Sir David Brewster almost exactly one hundred years 
ago, and but rarely made use of since by engineeis, ilthough Biewstei himselt 
immediitcl^ saw its a iluc foi expeiimcntal purposes ind suggested tint models 
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of arches might be made of glass, and the effects of stresses due to loading 
rendered visible m polarised light 

Brewster carried his investigations further, by the invention of i ‘ chiomatK 
teinometer ’ for investigating the nature of strains, and consisting of plites oi 
bus of glass siibje(ted to flexure in definite wa>s for compmson with the bodA 
under stress 

At a much liter dite (1841) Neumann developed an elaborite theory for the 
inilysis ot sti iin in tiansparent bodies due to load, unequal tempeiatiue, and 
set, while, still later, the youthful genius of Clerk Maxwell supplied in ilgebran 
solution toi the stiess distiibution in iiiy plite subjected to stresses in its own 
plane 

The eail^ histoiy of the development of this branch of science is, in fi(t, 
lemaikable foi notable conti ibutions at long intervals of time, and the almost 
complete disregard by engineers of its practical importance 

The application ot optical investigation to the determination of stress distil 
biition in engineering structures and machines has, however, been hindered bv 
causes which, although apparently insignificant, have been very real obstacles, 
and among these was the absence of a transparent material which could be 
fashioned into shapes suitable for investigating technical problems It is not 
an eisy matter, for example, to construct a glass model of a bridge free from 
internal stress, in the manner suggested by Brewster , and, moreover, glass is 
extremely fragile under load, especially in cases where the stress distribution 
in it varies very much, while the cost of construction is very great Happily 
there is now no necessity to employ glass for experimental investigation on 
engineering problems, since modern chemistiy has supplied artificial bodies, such 
as the nitro cellulose compounds used for many trade purposes, which have 
optical properties very little inferior to glass, are able to bear great stresses 
without injury, and also are capable of being fashioned with the ease and cer 
tainty of a wooden model Photogiaphic processes are also able to reproduce the 
biilhanl colour effects caused by stress in transparent materials, so that pei 
m inent records can now be made for future reference 

The construction of polariscopes for examining models on a large scale is 
very essential for technical reseirch and the great scarcity of Iceland spar of 
sufficient purity and size for use as Nicol s pi isms has caused much attention 
to be paicl to the construction of apparatus for producing plane polarised light 
hy the aid of sheets of glass Fortunately this presents little difficulty, and 
although the light is not nearly so well polarised as that obtained from a Nicol s 
prism it IS sufficiently so for the purpose Large quarter wave plates of mica 
have also been constructed bv my colleague Professor Silvanus Thompson 
F II S , for obtaining circularly polaiised light, and these have proved suffi 
( leritly exact and exceedingly useful for large models 

It IS of impoitance to show that the stress distiibution revealed by a 
polaiised beam of light passing thiough an elastic transparent miteiial in no 
way differs fiom that obtained by other means, and evidence is available in 
modem researches, especially by Filon, that the expeiimental results obtained 
with glass agree with those of the theory of elasticity, while a satisfactory 
agreement of a similai kind has also been obtained with nitro cellulose com 
pounds, although not in so complete and diiect a manner Such an agreement 
may be expected on theoretical grounds, since the values of the elastic constants 
do not affect the fundamental equations for stresses in a plane, and although for 
three dimensional stress the effect of the stretch squeeze latio causes some 
difference, yet this is usually negligible 

Most of the physical constants of gUss have been determined with very con 
siderable accuraev, but other transpaient substances have so far received little 
attention, and their optical constants aie not v\ell known The stress strain 
relations of glass and nitro cellulose have been determined with considerable 
accuracy, and a useful idea of their relation to metals may be gained from the 
values of the stretch modulus, E, and the stretch squeeze latio, <r 

The accompanying table shows some average values for a few important 
materials, and it is of interest to note that the stretch squeeze ratios of cast 
non and plate glass aie very similar, while the values of the stretch modulus 
aie nearly as three to two These two mateiials also possess other like ilniac 



494 


TRANSACTIONS OF SECTION G 


teristics they are both very brittle, and possess well developed crystalline struc 
ture, so that we may expect the properties of cast iron under stress to be very 
faithfully followed by plate glass 


Material 

E 

(T 

Steel 

30,000,000 

0 25 

Wrought iron 

28,000,000 

0 28 

Cast iron 

15,000,000 

0 25 

Plato glass 

10,600,000 

0 23 

Nitro cellulose 

260,000 to 300,000 

0 40 


The high values of the stretch modulus for steel and wrought iron are not, 
apparently, approached by any transparent material having similar ductile pro 
perties, but although nitro cellulose has a stretch modulus of rather less than 
one hundredth that of steel, its stress strain properties are not unlike In some 
recent experiments with a miniature testing machine fitted with an arrangement 
for recording the stress strain relations of xylonite throughout the whole range 
of stress up to fracture, the main characteristics of steel appear on a very much 
reduced scale, and give additional confidence that the lesults of optical expen 
ments on this material are applicable to metal structures 

The complete analysis of stress distribution in a plate is not, however, a 
simple matter, and the analysis of Clerk Maxwell was intended to provide a 
solution based on the properties of the isochromatic and isochnic lines, coupled 
with the law that the optical effect is proportional to the difference of the 
principal stresses at a point, and to the thickness of the plate 

A principal stress perpendicular to the bounding planes is assumed to ha\e 
no optical effect, but since many cases have arisen where theie are three principal 
stress components, it seemed desirable to examine such a case expeiimentally 
It IS a matter of some difficulty to arrange apparatus to stress a specimen in 
the direction of the incident beam, and at the same time obseive the optical 
effect free from disturbing causes, since a transparent medium must be intei 
posed for applying the required load, and this will be subject to stresses which 
may interfere with the optical effect on the specimen 

Some observations on circular plates clamped at the edges and uniformly 
loaded over one face, showed that the bending stresses produced in the plate 
caused very little optical effect, since the tension and compression stresses 
neutralised one another, while the shear effects also appeared to be practically 
negligible The only remaining stresses of importance were those caused by the 
clamping plates at the boundary, which produced radial and circumferential 
stresses having circular symmetry, and as the optical effects of these latter dis 
appeared at a small distance from the edge, a field of view w as obtained m which 
the optical effects of load applied perpendicularly to the plate were quite smill 
even when the internal stresses were very great 

Two circular plates clamped together to enclose a space between them may 
therefore be used as windows for observing the effect of a uniform pressure upon 
a transparent specimen, which latter may be a plate with its faces parallel to 
the end plates closing the chamber If cubical compression is applied by a fluid, 
the principal stresses in the plane of the plate produce opposing optical effects, 
and any remaining effect is due to perpendicular pressures on the faces The 
arrangement of experimental apparatus, therefore, took the form of a pair of 
transparent windows separated by an annular disc, and firmly clamped together 
by collars The central chamber so formed was subjected to pressure of air, or 
other fluid, up to about one thousand pounds per square inch, and afterwards 
the specimen was introduced and the same pressure applied, but no visible 
change of effect could be observed Finally, the specimen was set in the field 
of view outside the chamber, and pressure again applied by the fluid, but still 
no change was apparent In all three cases the optical effects produced were 
small, and practically alike, so that the exxicnmental evidence appears to warrant 
the conclusion that a principal stress in the direction of an incident beam of 
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polarised light has no optical effect in a thin plate, or at any rate is so small 
that it may be neglected 

That the retardation between the ordinary and extraordinary rays is pro 
portional to the stress difference perpendicular to the incident beam within the 
elastic limit of the material may, therefore, be taken as reasonably accurate, 
although future research may show that it is only an approximation, or even 
that it 18 more accurate to commence from a fundamental strain equation, but 
according to present knowledge there appears to be no warrant for such a 
procedure 

A more pressing difficulty arises with regard to the optical constant connecting 
the wave length retardation with the stress difference The recent researches of 
Filon on glass show that the value of this constant is curiously dependent on the 
previous history of the material, especially as regards its heat treatment Until 
further knowledge is gained on this matter it appears to be necessary to guard 
against errors in stress measurement from this cause by a careful selection and 
treatment of the material used, since for other artificial bodies we may find that 
the variation in the constant is not less in magnitude, and is at least as complex 
as 111 glass In some instances the stress optical coefficient may be dispensed 
with, and Filon has shown, in cases where a theory of stress distribution has 
been worked out and it is desired to compare it with the results of optical 
measurements, that the isocliiiic lines offer many advantages, since they are 
independent of photo elastic constants, and the mateiial need only be subjected 
to small stresses 

The experimental analysis of stress distribution in a body depends on the 
possibility of finding the magnitudes and directions of the principal stresses at 
eveiy point, and in practice it is found the simplest plan to determine the 
directions of stress from the lines of equal inclination obtained in plane 
polarised light, and to measuie the stress difference by comparison iMth a wave 
length standard, such as a Babinet compensator, or by comparison with a simple 
tension member set along one of the lines of ptincipal stress, and loaded until 
the total effect produced is a dark field denoting a zero value The difference 
of the principal stresses is then measured in terms of a simple tension This 
alone is irisuthcient to determine the distribution, unless one of the principal 
stresses is zero, and, in general, another independent measure must be obtained 
Ihis IS very conveniently supplied, as Mesnager suggested, by the change in the 
lateral dimensions of the plate under stress, since thib change may be taken, in 
the absence of a third principal stress, as piopoitional to the generalised sum of 
the principal stresses thioughout the thickness 

The determination of the lateral strains in a comparatively thin plate, forming 
pirt of a model of a machine or stiucture, necessitites measurements of 
extremely minute liiieai quantities If, for example, a plate of xylonite is 
taken, of the maximum thickness obtainable for optical work, a simple calcu 
lation shows that these stiains must be measured to an accuracy of one or two 
millionths of in inch beveial instruments have been designed and constructed 
for this purpose, to fulfil conditions which appear to be essential for successful 
u^e It IS necessaiy to avoid all chance of injury to the surface of a tiansparent 
material, so that the meisunng points of an instrument can only be pressed 
lightly against the surfaces, and the weight must, therefore, be supported inde 
pendently of the model In instruments so far constructed, the measuring 
mechanism is carried on a U shaped frame, for convenience of movement from 
point to point of the specimen One measuring needle is secured and operated 
by a calibrating screw, and the other is free to move a multiplying lever system, 
and thereby tilt a mirror to give an angular deflection, which latter is calibrated 
by reference to the standard screw when the instrument has been finally secured 
in place In recent work the labour of accurately setting the instrument in a 
number of different positions has proved so great, that my assistant, Mr F H 
Withy combe, has designed a useful adjunct in the form of a mechanical slide 
rest, to effect the required changes easily and expeditiously In one arrange 
ment, a bracket carries the measuring instrument oil a three point sup 
port, and movement is effected by slides arranged to give displacements along 
three axes at right angles, and their amounts are measured by micrometer screws 
to an accuracy of rather less than one thousandth of an inch 
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These methods of stress determination avoid the difficulties of the Clerk 
Maxwell analysis, which necessitates the determination of the equations to both 
families of isochromatic and isoclinic bands, usually a mathematical problem of 
considerable complexity In some simple cases Mr Scoble and I have verified 
the accuracy of the method of lateral measurements for determining the sum of 
the principal stresses, by comparing the calculated sti esses with the experimental 
values obtained in a plate of transparent material We have lately carried these 
experiments a stage fuither, and have shown that the measured sums of the 
principal stresses in steel agree with the calculated values This experimental 
solution, in fact, gives the stress at a point in a plate, if the conditions are those 
assumed by the mathematical case of a plate wheie generalised equations of 
stress apply 

It IS at once obvious, it the utility of expeiimeiits on models of this kind is 
admitted, that experimental evidence is available on a variety of practical 
engineering problems covering a very wide field of practice, not meiely qualita 
tive, but quantitative, and appioximating to the needs of the physicist and 
mathematician^ and well within the known variations of the m iterials with which 
the engineer has to deal in his daily practice 

During^ the last few years much attention has been paid to the deteimiiiatiuii 
of the stresses in structural elements of primary impoitance, but only a small 
number of cases have been examined, since even the simplest problems have 
proved somewhat difficult, and much time and laboui have been spent in pei 
fecting optical and mechanical appliances to suit the special conditions required 
loi investigations on transparent models A simple example of a case easily 
examined and of piactical importance is thit of a tension member subjected to 
an eccentiic load The optical effects here show a lineax distribution of stress 
due to the combination of diiect pull and bending, while the iieutial axis moves 
towards the tension side as the stress increases Not only can these effects be 
measuied, but if the specimen begins to tail some indrcation is obtained of the 
way in which the stress distribution is changed to meet the new conditions, and 
there is found a tendency to an equalisation of the maximum stress at the 
boundary, although at pieseiit the foim of the cui\e of distiibution beyond the 
clastic limit IS largely conjectural 

A case like that of a very short membei subjected to diiect compression ib 
also not without interest, partly because it leveals unexpected difficulties In 
the first place it is not easy to apply a puie compression stress, and if the sui 
faces in contact are not of the same mateiials it appears to be practically im 
possible, since the lateral changes are unlike, and shear stress is therefoic 
produced at the plane of the surfaces in contact In a shoit member this sheai 
has a very important influence, and by interposing a thin lajcr of a material, 
such as India rubber , between the pressure plates and the short transparent block, 
the artificial shear effect produced by the india lubbei is easily shown to in 
fluence the distribution throughout, and to increase the stress m a very marked 
way Experiments on transparent materials show that the increase of stress may 
be twenty per cent or even more buch an effect ib known to take place when 
cubes of stone are crushed between lead jiUtes, and optical investigations tfn 
models have enabled a quantitative measure of the effect to be asceitained in 
this and other oases, thereby confirming the theoretical investigations of Filon 
on the distribution of stress in such members under various practical systems ot 
loading 

The local effects produced near the points of application of a load arc usually 
of considerable importance, and their influence on the stress distiibution in 
beams has been examined by Carus Wilson 

The stress effects pioduced by discontinuities in materials is also of ion 
siderable interest, and the cases arising from the necessities of construction aie 
infinite in their variety 

The practical importance of an accurate knowledge of the change in stress 
distribution produced by changes of section in a member is so thoroughly appre 
ciated that it needs no insistence, and it has received much attention fiom a 
mathematical point of view Thus the local effect of a spherical cavity in a 
member subjected to uniform tension or compression load has been shown by 
Love to double the intensity very nearly, while Kirsch has shown that a small 
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cyhndiical hole in a tension membei tiebles the stress intensity If the hole 
IS elliptical the inciease of stress may be still greater, and Inclis has shown, 
among other interestrng cases, that if the minor axis of the ellipse is parallel 
to the direction of the applied load in a tension member, the stress intensity 
IS increased by an amount measured by twice the ratio of the axis of the ellipse 

A crack, considered as the limiting case of an elliptical hole, is thus seen to 
give extremely great stresses at the ends, tending towards infinite values for 
an extremely fine crack 

Optical experiments afford an independent means of examining the alterations 
of stress intensity produced by discontinuities, and the results are found to agree 
remarkably well with those obtained from the theory of elasticity The stress at 
the boundaiy of a small cylindrical hole in a plate has been found to be almost 
exactly three times the stress in the full plate, and the effects of holes com 
parable with the width of the tension membei have also been examined in some 
detail 

In the case of a rivet just filling the hole and exeiting no tangential effect 
at the boundary, there is a lessened tension stress across the nunimum section 
at the boundary hole, accompanied by a maiked radial tension These effects have 
been recently confirmed in a mathematical discussion bv Suyehiro Other cases 
give satisfactoiy agreement with calculation, and we may theiefore feel some 
confidence that experimental investigation will piove useful in some of the very 
complicated cases arising out of engineering practice where analysis is difficult, 
if not impossible 

The effects of overstress in mateiials may also be examined by optical means, 
and although the laws i elating to stiess distribution in overstressed tiansparent 
material are not known, the general effects observed in simple cases are fairly 
evident If, for example, a tension member of glass is stressed, there is no 
ductile yielding of the material, and the stiess will theiefoie rise very rapidly 
at the boundaiy of a small hole, and fractiue will theiefore occur with i 
moderate load If, howevei, a ductile transparent material is employed, and 
the mat'^iial shows signs of tiiluie at the hole, the break down of the stiuctiiie 
spieads outw'ards as the load is incieased, until we may have a condition in which 
within the clastic limit the curve of stress intcnsitv at the minimum section 
accoids with calculation, but at the ovei stressed part the stress tends to equalise, 
and the Cuive of intensity tends to become horizontal neai the hole Ihe mean 
value of this pait of the stiess distribution may be inferred from the difference 
between the total load and the measured \ dues below the i egion of failure , 
but the tiue distiibution of the ovoistiess has not been accuritcly dcteimincd, so 
that the shape of this peak is laigely conjectural 

The effects of groups of iivets such as occui in budges, boileis, and struc 
tuial members of all kinds, ifford imple scope foi fiiithcr inquiry, but befeue 
more exact knowledge can be gained of the condition of stiess in a complicated 
iiveted joint it appears necessaiy to examine thoioughly the veiy simple cases 
Ml Scoble and I have examined the case of the load ipplied by one iivet to 
a plate with various amounts of oveilap, and the stiesoes aiound the iivet holes 
have been measured witli fan accuiacy 

Othei interesting cases of discontinuity ni stiuctuie arc affoided by the 
engine hatchways, gun tuiiets iunnel openings, and the like, in ships’ decks, and 
some piogiess in this direction has been made by expeiiments on model decks, 
subjected to loads like those pioduced when a vessel meets the waves due to a 
head sea 

Even if the utility of tianspaient models is left out of iccount, it is geneially 
acknowledged that many engineering pioblems aie often simplified by the use of 
models of machines and structures on a small scale vchere ciicumstances foibid 
experimental examination of the actual woik No defence of then Uae is, I 
think, necessary, since the emplovment of models is a characteristic feature of 
British methods, not limited to engineers Kelvin did not disdain then use, and 
his successors, who h ive done so much to advance knowledge of the ether and the 
atomic dust, have freely employed then great ingenuity in the construction of 
mechanical models and diagrams to explain their views, as in the Lodge cog wheel 
diagrnns ol the ether, the planetary systems ot itoms of J J Thomson and 
Rutherfoid, and the grouping of elements by Soddy 
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Engiueeis have not the same great difficulties which confront those who are 
advancing the boundaries of pure science , their models are very much what they 
please to make them , but, even then, problems arise which are sufficiently difficult 
to tax all the resouices of applied science The behaviour of models considered 
as similar structures is, therefore, a subject which engineers are bound to inves 
tigate in order to determine the effects of fixed and moving loads, the action of 
wind, the pressure and frictional efiects of steam and other fluids, and many 
other problems 

In the majority of cases the simplest and the most direct method is the 
experimental study of a model, from which to obtain the data required for 
calculating effects on a full sized stiucture, and hence the laws of similarity have 
received a very close scrutiny 

Although most valuable information can be obtained from models, their use 
fulness IS clearly limited The effects of the dead weight of a structure are pro 
portional to the cube of the liiieai dimensions, and are, therefore, not usually 
mea««uri.ble on a model except in exceptional circumstances, as, for instance, 
where elastic jellies are employed, as in the well known investigations of Pearson 
on the'^stress distributaon in reservoir dams Nor are questions of stability easy 
to solve, since the forces producing instability are proportional to the size of the 
model On the other hand, stress effects due to applications of load may be 
measured by the strains produced in a model of the same material, if the loads 
are proportional to the squares of the linear dimensions The effects of applied 
load are studied even better in a model constructed of tiansparent material, since 
the variation of stress from point to point can be studied with much greater ease 
and certamty 

As detailed models of this latter kind present some variations from the usual 
laws of similarity, it may be of mtereot to indicate their nature Questions of 
deformation clearly involve the elastic constants of the transparent material and 
their relation to those of the proposed structure, while stress distribution in the 
solid is influenced by the \alue of Poisson’s ratio This lattei effect is quite 
small for glass, but may become appieciable with other substance It is 
negligible in a model of any material which approximates to a thin plate stressed 
by forces in its own plane 

The optical effects for any given load are, moreover, independent of the thick 
ness of the material, and depend upon the stress difference, so that colour effects 
are obtained which may be regarded as pictures of shear stress throughout the 
model Modern researches on ductile materials like structural steel indicate that 
such mateiials fail at some limiting value of shearing stress, and since the places 
where these limiting values aie i cached in the model are visible to the eye, the 
weak places in the deoign of a structure can be ascei tamed and a faulty design 
corrected by purely experimental means 

In this connection it is of interest to mention that M Mesnager, the chief 
engineer of budges and roads to the French Government, has lecentlv constructed 
an elaborate model in glass of a design tor an arched bridge of about 310 feet 
span This investigation was considered advisable for a work of this magnitude 
constructed of leinfoiced concrete, in order to check the calculations, especially 
of maximum stresses in the arched ribs, which latter were assumed to be fixed at 
the ends 

The effects of reiiifoi cements were allowed for by determining equivalent 
sections of glass for the members of the model Many difficulties had to be over 
come in the production of a model free from optical defects, but these were all 
successfully surmounted The stresses in the model were determined by aid of a 
Babinet compensator, and formed a valuable check upon the calculations for a 
structure of this great magnitude and somewhat unusual design 

In this brief and incomplete account of a small branch of applied science 
relating to engineering the fundamental importance of discoveries in pure science 
IS manifest 

The discoveries in pure science and their innumerable applications to practical 
ends are ever a potent factor working for the common good, and the value which 
the British Association places upon applied science was most cordially voiced by 
Professor Bateson in his Portsmouth Address when he said * To the creation of 
applicable scieiice the very highest gifts and training are \iell devoted,’ and, 
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* The man who devotes his life to applied science should be made to feel that he 
IS in the mam stream of scientific progress If he is not, both his work and 
science at large will suffer The opportunities of discovery are so few that we 
cannot afford to miss any, and it is to the man of trained mind, who is in contact 
with the phenomenon of a great applied science, that such opportxmities are most 
often given*, and, again, ‘If we are to progress fast there must be no separation 
between pure and applied science The practical man with his wide knowledge of 
specific natural facts, and the scientific student ever seeking to find the hard 
general truths which the diversity of Nature hides — truths out of which any 
lasting structure of progress must be built — have everything to gam from free 
interchange of experience and ideas ’ 

Engineers who are more immediately concerned with the problems of directing 
the great sources of power in Nature for the use and convenience of man are 
indeed grateful to our President for these inspiring words, and trust that the ties 
which unite investigators in pure and applied science will never slacken, but will 
knit together more closely for a joint advance to a more perfect understanding 
and utilisation of the laws of Nature 


Mflbourvp 
FlilDW, AVaV^T It 
The following Papers weie read — 

1 Aviation Rpsoarch Bij Piofessoi T E PrTv\rr, FES 

2 Eailnays and Motivc-Pou or 
Bif Piofessor W E Daisy, F R S , M Inst C E 

The object of the paper was to initiate a general discussion on the question of 
railway development m Australia Various curves relating to the development 
and cost of working of English railways were shown on the screen The question 
of motive power was then consideied ind the advantages of the locomotive and 
the electric motor compared Curves were also shown illustrating the proportion 
of fuel actually used to draw a tram as compared with the quantity fired in the 
furnace of a steam locomotive and in the furnace of a central station in the case 
of electric traction Other curves illustrated the limits of economy and speed of 
a steam locomotive and the electric motor compared together in relation to 
special problems m connexion with suburban traffic 


3 A Transmission System siutahle for Ilea nj Infernal Combustion 
Locomotives ^ By Hedle\ J Thomson, Assoc M Inst C E , 
M I EE 

The author pointed out that the slow progress made in the ii^e of internal 
combustion engii es for heavy traction has been due to the want of suitable 
variable speed control mechanism He eiiumei ited foui tvpes of variable speed 
gear, and gave m detail, with diagrams, a technical description of the Thomas 
electro mechanical transmission, which is put forward as the most suitable for the 
class of work referied to With this system, so long as the prime mover, when in 
direct drive, cm overcome the resistance encounteied, the tiansmission is direct 
and altogether mechanical At all other times the power of the prime movei is 
divided by means of planetary gearing into two parts, one portion being applied 
to the load by electrical means and the other mechanically The electric trans 
mission ensures that ease of contiol characteristic of all electric il drives, and yet, 
owing to the large proportion of the total powei transmitted mechanically the 
system is not subject to the heavy losses unavoidable with a system wholly 

‘ Published in the Electrician, vol Ixxiii , p 826 
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electrical It was stated that for general locomotive woik on a loute with give 
and take grades, only 1 per cent of the total energy of the prime mover would be 
lost in the electrical apparatus used 

Particulars were given of results calculated as obtainable with the system as 
applied to 1,000 h p express locomotive, and in conclusion it was suggested that 
the system should be of special interest to railway engineers, particularly in 
countries where difficulties are encountered in providing satisfactory supplies of 
water and fuel for steam locomotion 


4 The Cnnhorm Plan By W\LTrR Blrlfy Griffin 

Canberra is the name of the futuie Fedeial Capital of the Commonwealth of 
Australia The authoi discussed the principles underlying modern town plan 
ning with special) reference to the la> out of an administrative capital It was 
shown how these piinciples have been applied in the scheme adopted at Canbeiia 
and how the natural features of the landscape ha\e been utilised 


5 Deielopnient of tin Port of London By B R TviRKP\TRirK 


TT FSD4} iTOUSP 

The following Pipeis and Report weie lead — 

1 The Behaiioui of Meiah undet St tain 
By Walter Rosr\H\i\, B i , I) Sc , F R S 

For a rational undei standing of the behaviour of metals under stiaiii the 
truly crystalline character of all metals iiid allots in then normal (c ist or 
annealed) state is of fundamental importance Fvidence foi this fundamental 
proposition is readily obtained by the micioscope in a vaiiety of wa>s, including 
the development of ‘etch figures,' ‘negative crystals,* and the ‘ oiiented lustre’ 
of crystalline aggregates The maimei m which a crystalline aggregate is formed 
when a material undergoes solidification by a piocess of dendritic crystallisation 
such as IS typical in metals is illustrated by the building up of aggregates of 
cubical blocks, a piocess which is shown by the aid of the cinematograph By 
the same means the behaviour of etched metal surfaces under oblique light is 
demonstrated The behaviour of ciystals and of a crystalline aggregate under 
plastic deformation is next considered, ind the manner in which a crystal can 
undergo deformation by a process of slip on its cleavage or gliding planes is 
explained and illustrated by the cinematograph, a summary of the evidence upon 
which our present knowledge of the true nature of plastic defoimation is based 
being given and illustrated 

The more detailed and difficult questions connected with the deformation and 
fracture of metals which have received increasing attention recently are next 
considered, including such phenomena as ‘ fatigue,* testing by, and failure under, 
shock or repeated impact, and the phenomena of semi plasticity and elastic 
recovery The behaviour of metals at high temperatures is also discussed, and the 
explanation of these phenomena afforded by the modern development of the theory 
of an amorphous phase in metals, as originated by Beilby and extended by the 
author and his collaborators, is summarised 

2 The Testing of Materials ^ 

By Professoi W E Dalby, F R S , M Inst C E 

In this paper a short account of some modern photographic methods of test 
jng materials was given The practice of showing the structure of metals by 

^ Published in Engineering , September 4, 1914 
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mediis of microphotography has steadily developed during the last few years 
The author has recently applied a photographic method tor obtaining a record 
of the relation between the load and extension of metals right up to the break 
ing point The diagrams taken in this way show very clearly the peculiarities 
of the metals at their yield points, and also the load actually on the specimen 
dt the moment of fracture The combination of the two methods offers a 
promising field for research feome photographic records and microphotographs 
were exhibited on the screen 


3 7 he Humphrey Pump 
By H. A Humphrey, M Inst C E , M I E E 

The paper explained the principle, theory, and construction of these pumps, 
iiid concluded with a description of the two most important installations — ^the 
plant it the King George V Reser\oir at Chingford, Kssex, where five pumps 
each lift 40 million gallons per day to a height of 10 feet , and the st heme foi 
diaining Lake Mireotis now being carried out for the Egyptian Government at 
Mex, neai Alexindria, where eighteen pumps ne ultimately to be installed, each 
c ip ible of lifting 100 million gallons pei day to i height of 20 feet 

4 7 he Slnss Dislnbulion in Short Compussion Htinbcrs 
By Piofessois Coker and Fir on 

Shoit compression members aie occasionally used for constructive purposes 
but moie especially for tests on materials like buck, stone, and concrete, which 
die almost invariably used in compression In all such cases the mode of 
ipplicatioii of the load is an impor^nt factor, and its influence on the stress 
distribution is known to be great 

This IS recognised in the testing of engineering materials, and care is taken 
to ensure is uniform a distribution of load as possible over the end faces of the 
loaded member Occasionally these faces aie ground to approximately true 
pi ines by means of emery wheels or the like, in order to obtain a uniformly even 
beiring, and when the size or material oi the specimen makes this impracticable 
the specimen is often faced with plaster of Pans for the same purpose 

A convenient method of investigating the stress at any point of a shoit com 
pression member of rectangulir section is afforded by the optical effects pro 
duced in a transparent model, combined with mechanical measurements of the 
later il changes producea by the load 

In the experiments described in the paper a special foim of compression 
testing machine was used, having one fixed pressuie plate, while the other has a 
slight frictionless movement m the diiection of application of the load, and this 
lattei IS weighed by a system of levers Experiment shows that i block of 
transparent material subjected to compiessioii between steel oi brass plates is 
never uniformly loaded owing to tangential stress at the planes of contact pro 
duced by the lateral changes of the two different materials If a very exten 
sible material is interposed between the specimen and the pressure plates of the 
testing machine, a very marked effect is produced of a similar nature to that 
obtained when a fine grained homogeneous stone is stressed between lead plates 

Approximately puie compression stress may be obtained when the com 
pression plates are of the same material as the specimen, and measuiements of 
stress distiibution in various cises weie described and compared 


5 Ihe Artijicial Electrification of the itniospherc 
By Sii Oliver Lodge, F R S 


6 Report on Stress Distributions in Enyincering Materials 
See Eeports, p 200 


7 The Stresses in Built up Columns By H. G S Dillpinl, M Sc 
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WEDNESDAY, AVGVST 19 

Joint Discussion with Section M (Agriculture) on Irrigation 

See p 655 

The following Papers were then read — 

1 The Dynamic Increment of a Single Bolling Load on a Supported 
Beam ^ By Piofesbor H ChAtley, B Sc 

The author suggested the use of the following foimula for the dynamic 
increment of a single concentrated rolling load on a beam supported at both ends, 
the load being at the centre, 



Ho sliowtd tint this is I close appioximition to the solution of a complex 
different! il equation vhicli stites the conditions ot dynamic equilibrium in the 
given case 

The dynamic inclement is due to the vciticil acceler itions expeiienced by the 
loid as the lesult of the deflection of tlie beam, and is of course liable to a 
‘ compound interest ’ effect The latter will not ordinarily more than double the 
effect due to the static deflection alone 

8F=the dynamic increment of the load W 
V = the horizontal velocity of the load 
L = tihe span of the beam 

F=the modulus of elasticity of the material of the beani 
l=the moment of inertia of the beam section, assumed constant 
g = the gravitational acceleration 
c = WV*L/gEI 

2 Ihe Change in the Modulus of Elasticity and of other Properties of 
Metals with Temperatuie ^ By Profe&soi F 0 Lea, D Sc , and 
O H Crowtiier, M St 

Ihe paper desciibed experiments that had befen carried out to determine the 
influence of temperature, varying from 15® C to 650° C , on some of the 
properties of metals The specimens weie heated m an electrically heated fur 
nace, the temperature of which could be maintained nearly constant for some 
hours, and were loaded by means of a horizontal hydraulic lever testing machine 
The form of the specimens and the arrangements used for connecting them to the 
shackles of the machine and also a special extensometer weie described Tern 
peratures were determined by iron Constantin thermo couples The effect of 
temperature on the breaking stress, yield point, construction of area, elongation 
per cent , and the modulus of elasticity of mild steel and other metals was shown 
by curves plotted from the results of the experiments The modulus of elasticity 
of mild steel was shown to vary from 13,000 tons to 6,000 tons per square inch 
as the temperature varied from 15° C to 630° C The breaking stress of mild 
steel as measured on the original area was shown to be a maximum at about 
250° C , but the stress obtained by dividing the breaking load by the fractured 
area was a minimum at this temperature The modulus of elasticity of micro 
copper was shown to change from 5,100 tons per square inch to 3,270 tons per 
square inch as the temperature varied from 15° C to 650° C 


3 A Theouj of Work Speeds in Grinding By 3 J Guest 


* Published in Engineering, September 11, 1914 
^ Published in Engineering^ October 16, 1914 
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Sydney 

FRIDAY, 4.UGUST 21 

After the President had delivered his Address (see p 490) the following 
Papers were read — 

1 Irrigation in New South Wale<i By k B Wade 


2 Irrigation in Lyhia 

By Professor Luigi Luiggi, D Sc , M Inst € E 

The paper was prefaced by a general survey of the many works of general 
economic importance undertaken in Lybia — that is, the region round Tripoli and 
Bengasi — since its occupation less than three years ago by Italy All these 
works are arranged accordmg to a plan prepared by Professor Luiggi in view of 
the future development of agriculture in Tripolitania and Cyrenaica, not only as 
it must have been in Roman times, but as it can be further improved by modern 
implements and methods of cultivation, with the assistance of scientific 
irrigation 

Tripolit inia, for the most part, is a flat (ountry, slightly elevated above sea 
level, with a hot and dry climate, and a scanty rainfall during the winter 
months and totally absent for two thirds of the year, ranging from about 
20 inches neai the coast to 10 inches neai the table lands, and disappearing 
altogether further inland The soil within the line of the 15 inches rainfall 
IS sandy, but adapted to the culture of cereals of lapid growth, iiid for bleeding 
sheep and especially goats The rainy season is from November to Febiuai> 
and with propei cultivation — thanks to the abundance of sunshine even in vvintei 
—a good crop can be laised, leady to be hai vested in Mirch oi April Then 
begins the hot, diy season and, vvheie theie is no iiiigation, everything 
dues up 

( yienaica is rather a plateau land, some 2,5(K) feet above sei level, very 
undulating, with a mildei climite and a riinfall of from 15 to 30 inches, so 
tint oidinary crops, fiuit trees, olives, vines, etc , can giovv , besides date palm 
tree*, which form an impoitint item m the agiicultuie of Lybia But then the 
summei months aie hot and diy, and unless some sort of witeiing is applied to 
certain classes of tiees, m iny would die, especnlly m yeais of drought 

Thus piactically the future development of Lvbia depends more oi less on 
II ligation At present iirigation, as piactised by the natives is veiy ludimentai v, 
but most ingenious Owing to the gieit peimeibihty of the soil there aie no 
lunning streams in Lybia — oi at least they may lun occasionallv but onlv foi i 
few hours aftei a cloud burst All the watei passes lapidly into the subsoil 
and has to be laised from wells by meins of buckets opeiated by camels, and 
thus only limited zones neai the coast — wheie the suiface is neaiei to the watei 
plane — can be iriigated with profit A veiy clevei aitifiie is adopted to i educe 
evaporation Foi this puipose on the same aiei to be iirigated are grown first 
palm trees, which form a soit of sunshide and a piotection fo** the successive 
growth of oiange or othei fiiiit trees which in turn shelter the plants to be 
grown on the suifice, such as ordiniiv vegetibles oi lucerne and to these the 
iirigation watei is directly applied In this way excess of sunshine and of 
ventilation aie avoided and evapoi ition fioni the soil ledined to a minimum 
At the same time thiee diffeieiit ciops aio giown on the same plot of land, 
which IS thus utilised to the fullest extent 

This method of iirigation, which is piactised also in some parts of Sicily 
and must be of Roman origin, can be applied only to limited zones and vvheie 
the water plane is not moie than 20 to lO feet below the surf ice 

For irrigation on a laiger scale, as theie are no superficial streams, it is 
necessary to collect the rainfall from the mountain sides and store it up in 
artificial lakes formed by dams This was practised by the Romans, and wo 
find in Lybia the ruins of many masonry dims and cisterns, some of which aie 
being restored and will soon be again in working ordei In the meantime some 
moie important reservoiis aie being considered and will soon be stirted They 
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Diagram of Old Oierfioii Spdlnay and of Xen lufomaHc Syphon Spillnsay, as applied to the Lagolungo Bam 
For details see Professor L Lmggi, Bighe Qeienttmente costruift in Italia ‘ Giornah Genw CxnU^ Roma, 1914 
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will be formed by rock fill dams, which are the best adapted for the iiatuial 
conditions of the country, where labour is scarce and inefficient, good miteiials 
i lie, and eiith tremors rather frequent 

lloch fill Dams — The rock fill dams cm be built almost entiiely by meclianical 
implements sei\td by a few good workmen, and if the slopes do not exceed about 
10 degiees the dam can resist any shock of earthquake without gieit damage, 
ind 111 my c ise lepairs aie easy Thib type of dam is veiy (ommon in the 
Western States of Ameiica, and his been adopted with success also in Italy in 
the valleys of Cenischii, Biaschini, ind Deveio 

A speciil teatuie ot the new lescivoiis will be the ‘ iiitomitu s>phon spill 
w lys ’ ipplied by Mi Giegotti to miiiy dams and canils both in Itilv ind cist 
wheie It consists of a tube in the shape of a syphon, geneially of squaie 
section, made ot feiro concrete, and capable of dischaiging from 1 to 15 cubit 
meiies (525 cubic feet) pei second, according to section and he id, and if I irgei 
dischirges are necessary then several syphons are distiibuted side by side up to 
ten As soon as the water in the reservoir exceeds by 2 or 3 inches the normal 
level, the syphon is automatically primed, owing to the speciil conformation of 
its top lip, and begins to act with full discharge till the level in the reservoir is 
lower than the lip of the syphon, when air gets in and the flow ceases 

The velocity of the water in the syphon is that due to the difference of level 
from the reservoir and the outlet of the syphon, and thus is greater, and the 
discharge is correspondingly greater, than in an ordinary overfall spillway, where 
the velocity is due to the more limited head between the level in the reservoir 
and the sill of the spillway 

At equal discharge the syphon spillway works better and costs much less than 
the usual overfall spillway 

For example, in the Lagolungo reservoii near Genoa, the old overflow spill 
way required a head of 1 40m of water (4' 8^0 and a volume of 440 000 cubic 
meties of water (more than 15 million cubic feet) lan to waste ov’^ei the spill 
way after a storm had passed A batteiy of ten syphons, each with an internal 

square section of 1 90m (6^ 4'^ by 6' 4'/) and a woiking head of 5 75m 

(IS^ 8'/) war) substituted to the old spillway capable of dischaiging 150 (ubic 
meties pei second (5,250 cubic feet), at the same time allowing the sill to be 

laised by 0 95 (3 feet), by whuh an extri volume of 300,000 cubic meties of 

water (10^ million cubic feet) aie impounded 

Besides, it was proved that the syphons give the discharge of 150 c m with 
only 4 inches of super elevation of the water ovei the lip or with an elevation 
of 14 inches less than before, when the overfall spillway was used, thus leducing 
coiiespondingly the water pi essure against the dam 

The gieatei volume of 3(X),000 cubic metres of watei thus impounded lepie 
sents an income of at least 15,000 fiancs (600/ ), i jeai, and capitalised at 5 pei 
cent , a total of 300,000 fiancs (12,000/ ), equal to at least six times the cost of 
the new syphon spillway, which, moreovei, is moie (ompact and moie effuient 
Of these lutornatK syphon spillways theie iie moie thin 1(X) on Italian dams 
ind canals, vMth heads viiying fiom I in 20 feet ind ill give loinplete 
s itisfaction 

The authoi exnibited several views of luins of Roman works and a cinema 
film showing the method of constiucting the lailwav ind the stuking diffeience 
in the /ones cultivated with ind without iiiigition 


Invesliqalion ofhile River Flood Record from \ d 641 /o \ n 1451 
for Traces of Periodicity By T W KeeTvE, M Inst C E 

The authoi was led into this investigation when examining records of rain 
fall at various places, particularly those of the Commonwealth of Australia, 
with a view to ascertaining whether periodicity exists 

The results of previous study of this meteorological question were given by 
the author in a paper entitled * The Great Weather Cycle,* read before the Royal 
Society of New South Wales on July 1, 1910, and published in their Proceedings 
(see volume xliv , pages 25 to 76), in which he sought to show that the period 
must be a long one He was of opinion that the defects which were apparent in 
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the comparatively short period of nineteen years, so ably advocated by the late 
Mr H C Russell, Government Astronomer of New South Wales, disappeared 
when testing multiples of that period, and that fifty seven years more correctly 
represented the true period in Australia It vas, however, ascertained from a 
cyrve computed from the record of the Nile floods, which were at that time 
available, namely from a d 1736 to A D 1905, that the Nile's period would 
appear to be either 114 or 171 years 

These conclusions were based on the results arrived at by discarding the old 
system of plotting the rises or falls above or below an arithmetical mean of 
the figures constituting the record, and adopting a system whidi would show the 
cumidative effect of the departures from the mean Slow, persistent rises or 
falls which are not discernible under the old system are immediately detected 
by this method 

The Nile's period then arrived at was so long that it extended fai beyond 
the limits of all rainfall recoids, except, perhaps, that of British rainfall, com 
piled by the late Mr Symons, F R S , and the Pans and Padua records, all 
three of which are more or les»« unreliable There was consequent! v no means 
of proving its reliability or otherwise unless by comparing it with tables of 
histoiical events, which was hardly admissible in an investigation of this nature 
Fortunately tiie records of the height of the annual flood on the Nile fiom 
the years A n 641 to a d 1451 have recently been made available In his letter 
to the author, forwarding a copy of this historical record, Mr J I Craig, M A , 
F R S E , Director Meteorological Service, Cairo, stated that, although there 
IS internal evidence of clerical errors in the Arabic records from which he 
extracted the gauge readings, on the whole he believes them to be trustworthy 
With this assurance the author computed a series of residual mass curves 
derived from the means of most of the peiiods which have been propounded from 
time to time None of these were satisfactoiy, with the exception of the cuive 
derived from the means of successive complete periods of 76 years, of which 
there are ten altogether out of the whole record of 810 years 

An inspection of the diagiam will show that the conformation to a 76 years* 
period is very remarkable, even when this period is extended up to the present 
time Notwithstanding that there are two breaks m the records from 1451 to 
1825 of 285 and 25 years, respectively, the curve derived from the recent lecords 
still shcriF*** a similar conformation 

From an historical point of view the diagram is an extremely interesting one 
It represents thp longest continuous record in the world The dry and wet 
periods are cleaily defined, ranging from nineteen to fifty seven years of 
accumulated rise or fall with reference to the mean 

The author was seveiely criticised dining the discussion on his papei ot 
July 1, 1910, previously referred to, for seeming to connect Halley's comet in 
some way with * the weather ’ This was because he had drawn attention to the 
fact that the comet's mean period was approximately 76 years, and also that its 
appearance seemed to occur duiing peiu^s of gieat drought 

The position of the comet at the time of its perihelion passage is shown on the 
diagram on fourteen occasions from information kindly supplied by Mi C J 
Merfield, F R A S It will be seen that in slmost every instance the ( omet made 
its appearance during the periods of greatest drought in Egypt 


4 Imperial College of Science and Technology The Goldsmith^' Com- 
pany's Extension of the City and GuiUh (Engineering) College By 
Professor W E Dalby, F R S , M Inst C E 

This paper gave a concise history of the development of the City and 
Guilds (Engineering) College The College was founded by the City and 
Guilds of London Institute in 1884, and its federation with the Imperial 
College of Science and Technology took place in 1907 In 1885 there were 35 
students in attendance , last session (1912 13) there were 570 

After referring to previous extensions the paper gave a detailed account 
of the present engineering extension, named after the Goldsmiths’ Company, 
who have undertaken to defray the tpst of erection This extension includes 
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the following laboratories on the ground floor a top lighted laboratory, a rail 
\vay laboratory, a hydraulic laboratory, and also a boiler room 

The top lighted laboratory consists of four bays, having a total floor area 
of 17,028 square feet The floor is of timber decking, supported on steel 
girders and brick columns Underneath is a basement of equal area, in which 
all mams, pipes, cables, countershafts, &c , are placed Machinery can there 
fore be installed without any structural alterations being made necessary 
Steam is supplied from the boiler room adjoining A five ton travelling crane 
is fitted to each bay of the laboratory 

The railway laboratory has a floor area of 3,200 square feet A portion of 
the laboratory has been designed as a wind flume capable of producing a current 
of dll of sixty miles per hour, the object being to ascertain the effect of wind 
pressure on tram models, aeroplane wings, and structures 

The hydraulic laboratory has a total floor diea of about 8,(XK) squdie feet 
The equipment of the laboratory consists chiefly of supply tanks, measuring 
ippaidtus (including a standardising tank of 12,500 gallons capacity), weir 
boxes, a west sump and an east sump (the lattei having a capacity of 22,000 
gallons) connected by flumes, a complete turbine plant, and two Gwynne pumps, 
is well db a twelve inch Ventuii meter, and mams and piping Ihe chief 
tcatiue of the design of the laboratory is that the powei to be supplied for tho 
c irculatioii of the water through the equipment has only to ov ei come the 
fiictional lesibtance of a vertical lift, and is therefore at a minimum, the whole 
oil dilation can be controlled by one man standing at the pumps, and expeii 
ments with the different ipparatus can take place independently and simul 
t meously 

The boilei room contains two Lancashire boilers and one uatei tube boilei, 
each capable of giving 6,000 lbs of steam pei hour, arranged so that they can be 
available for experimental purposes Underneath the roadway behind the 
boiler room aie the coal bunkers, capable of holding a hundred tons of coal, as 
well as an ash pit from which the ashes can be hoisted through a trap door and 
emptied directly into the carts 

The paper concluded with some paiticulars of the advanced courses in the 
Imperial College, showing that the objects of its founders have ilready been 
successfullv carried out The College is still rapidly developing, and will 
soon provide every facility for post graduate study and research for students 
from all the colleges of Greater Britain 


TUEbDAY, iVGVbT 25 

The Section divided into two Sub Sections, G I atlid G II 

In Sub Section G I the following Papers were read — 

1 71ic Metropolitan Electric Railaaifs proposed for Sydney 
By J J C BR\DriFLiD, M Inst C E 

The paper described the pioposed scheme for which Parliamentary sanction 
IS being sought It compiises the construction of an undei ground lailway in 
the City itself, ind the electrification of some of the subuiban railways to 
connect up with the undergiound railway Statistics show that the present 
railway and tramway systems aie, or will shortly be, incapable of handling the 
rapidly increasing traffic It is proposed to connect North Sydney and the 
City by means of a bridge acioss the haibour, while another bridge would 
connect the City with the western suburb of Balmain It was maintained that 
a bridge would be cheaper thin a subway, and would give better gradients and 
greater comfort Since Sydney is the fifth port m the Empire, it is essential 
that the fairway be not impeded For this leason the proposed haibour bridge 
crosses in a single span of 1,600 feet, with a headway of 170 feet above high 
water It provides for four lines of lailw^ay, beside vehiculai and passenger 
traffii The design and material are discussed, and a nickel steel cantilever 
budge IS recommended, at an estimated cost of 2,600,000/ Details weie given 
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of the proposed underground railways, location of stations, junctions, schedules, 
faies, &c It IS proposed to employ continuous current at 1,600 volts, supplied 
fiom overhead conductors 

A short description ^^as given of the power station already in course of 
construction at White Bay, Balmain, for the tiamw^ays, which like the rail 
ways, belong to the Government The station will be capable of developing 
100,000 h p , and will supply the power required tor the proposed railway 
system 

The total cost of the whole scheme is estimated at 17,000,000/ 


2 Australian Ports tn relation to Modern Ships and Shipping 
By W E \d\ms, a M Inst C E 

The enormous iiicieise in the size of ships trading to Australia during the 
last fifteen years has set a problem to the Port Authorities of Australia thit 
calls for careful consider ation It has become very desinble to review the 
position not only iiom the standpoint of the Harbour Authorities, but ilso fiom 
that of 'the local commenial interests iinolved That the civil eiigineei can 
ilways use to the occasion and provide for anj thing the shipbuildei cm pio 
duoe IS evidenced bv such woiks as the Suez and Panami Canals But, as 
engineering pi ictically conceived cannot be divorced from economics especially 
in 1 young and glowing countiy like Austialia, where much money is required 
foi numeious lines of development the engineer must be i rigid economist On 
this ic count, it IS advisable ciiefully to examine the situation tint is arising 
111 its most general aspect 

Piivately owned wharfage in the chief commercial sea ports of Australia 
his almost disappeared Public ownership of the foreshores has been rendered 
necessiry in order that wharfage may be planned in conjunction with other great 
public utilities, such as railways, tramways, roads of access, and to admit of 
the segregation of berthage into mail and passenger, general cargo, frozen meat, 
gram, coal, and other specialities 

Clearly it is necessary to separate the shipment of frozen meat and grim 
from coal ind other dirty or noxious cargoes, while passenger and mail services 
should berth as close to the heart of the city as possible Where these essentials 
ire laid out in advance contingent municipalities aie enabled to co operate to 
advantage, and private industries immediately connected with shipping can 
be established m the most suitable positions 

Thus it has come about that all the Australian capital sea ports except 
Brisbane have been placed under public trusts, of various constitutions, but 
all aiming at the one object, namely, to provide for the shipping on a compre 
hensive scale, and on a self supporting basis In the endeavour to keep pace 
with shipping developments the cost of the modern sea poit has become, and 
promises to become in the future, a still more important commercial factor 
Port dues already amount m many cases to 10 per cent of the freight charges 

In ocean transport three separate interests are involved Firstly, there is 
the private shipowner, who invests for personal profit , secondly, the Poit 
Authorities, who build usually to meet expenses of maintenance, interest, and 
sinking fund (though sometimes more is required) , and thirdly, the merchant 
01 shipper, who ships goods 

To Australia, which is a large exporter and importer, and, moreover, a 
country gieatly in need of population, it is obviously important that oversea 
freights, fares, and other charges should be as low as possible, on account of 
the immense distance from the centre of civilisation The point of supreme 
interest to Australia in this connection lies in the question as to whether 
modern shipping developments tend to increase or to decrease the total cost 
of ocean transport 

It IS unquestionable that cargo and passengers can be carried more cheaply 
in large than in small steamers That is, the cost per ton mile, reckoning 
working expenses, including coal, wages, and upkeep, are less pei ton earned 
in large than in small steamers By way of illustration, Sir W White in 
1903 quoted the case of the P and 0 Company’s Moldavia, 10,000 tons, stating 
that an increase in draft of three feet would increase her freight earning 
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capacity by 66 per cent , while no appreciable lobs of speed would ensue This 
IS, of course, very important to the shipowners, but the economics of ocean 
transport are not affected thereby unless some at least of this saving is passed 
on by shipowner to shipper, and ultimately to the producer Naturally some 
reasonable advantage must be permitted to the shipowner, otherwise he would 
not build large ships, but, to place the matter on a true economic basis, it has 
yet to be shown that the shipper and the producer shaie m the saving If 
not, then the big ship must rely upon other grounds of justification, and, as 
we shall see, these may not be lacking 

The next point foi consideration is the effect of big ships upon the cost of 
port and haibour works to accommodate them Conditions vary so much 
between the ports of Australia that the total increased outlay per berth includ 
ing the necessary dredging, could only be considered tor each port in detail 
Thus, at Svdney and Hobart, the mattei would be practically narrowed down 
to the actual increased cost of the new ovei the old class of berth, the dredging 
being practically a negligible quantity, while at Melbourne and Brisbane the 
deepening and dredging would be heavy items The natural physical difficulties 
ot these two ports must therefore exercise a limiting influence on the size ot 
slips triding to Australia foi some time to come Biisbane, being the only 
possible outlet for a vast ind producti\e hinterland, will surely develop rapidly 
into a very laige and important shipping centie, probably in time iivalliiig 
the southern ports 

To meet the me lease in the size of ships the Port Authoiities of Australia 
find themselves called upon to spend veiy Urge sums of mon^> in leconstiuction 
Wharves and jetties that sufficed twelve or fifteen yeais ago are now all obsolete 
Upon the cost of leplacement planned on a vastly largei scale, maintenance, 
interest, md sinking funds have to be jnovided foi out of the poit dues It 
seems mevitible that the port dues must tend to iiu lease It is not overlooked 
that modem appliances and laige vessels will allow nioie cargo to be handled 
st a beith thin foimeily, but, on the othei hand, when i small numbei of very 
liige ships lepldces i large numbei of small ones, beiths aie apt to ha\e longei 
periods of idleness, ind would, theretoie, not be made the fullest use of 

he situation will be better understood by a compaiisou of the berths of 
fifteen yens ago at the port of Sydney with those of to da> ITp to the year, 
siy 1900, the largest oveisei vessels triding to this port averaged some 6,000 
tons and the intei state vessels 3,000 tons The lengths of the formei lan fioin 
410 feet to 470 feet, by 50 feet to 53 feet beim, and of the latter fiom 300 feet 
to 150 feet by 40 feet to 46 feet beam hoi vessels of this class theie weie i 
number of berths consisting of ticmtage wharves and jetties fiom 100 feet to 
450 feet in length The jetties weie usually fiom 10 feet to 40 feet wide, and 
the depths of witer lequired ranged up to 28 feet Seveial of the beiths having 
been built by privite owneis weie without shed accommodation The average 
cost pel berth with cargo sheds, inclusive of value of frontage land, was 21 300/ 
but the sime jetties built today at the highei prices would have cost 25,500/ 
per berth The waterway between jetties varied from 90 feet to 110 feet, 
but in seveial cases was as little as 80 feet 

The vessels now coming to Sydney have already touched 18,400 ton mark, 
the largest measuring 555 feet by 69 feet, with a loaded draft of 32 feet 
Clearly it is necessaiy to provide for much largei vessels in the future, and it 
would be inadvisable to look forward to anvthing less than a possible 1,000 feet 
111 length, with a loaded draft of 40 feet, though these dimensions may not be 
leached for many years to come 

The jetties necessary to berth the oversea vessels at piesent tiading to 
Sydney are from 500 feet to 650 feet in length (with provisions for extension), 
by 130 feet to 250 feet in width, and the v\ itcr way betw^een them to allow for 
hindling coaling, and transhipping ranges fiom 220 feet to 360 feet Double 
decked cargo shecls aie requiied to accommodate the laige quantities of height 
1 ipidly put ashore, and electric cianes, gantries, and other lifting gear are 
being provided The cost of these adding the value of fiontage land, ranges 
tiom 67,000/ to 77 QOOl per beith, ii respective of dredging, which, particu 
larly in Sydney, is a small item, but in seveial other ports will be excessively 
heavv The lequiiements for interstate shipping are scarcely less Some of 
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the vessels now engaged in this traffic measure as much as 9,000 and 10,000 tons, 
and no doubt larger ships will be built 

It seems evident, even after making allowance for the superior earning 
capacity of these modern berths^ that increased harbour rates will have to be 
charged to render such investment sound and self supporting This is a ques 
tion that requires special investigation Judged from a purely economical point 
of view, there is room for considerable doubt as to whether the advent of the 
large vessel has operated towards lowering the cost of sea home freight includ 
ing, of course, incidental charges, such as wharfage and tonnage dues, &c The 
question is greatly complicated by the upward tendency of wages and materials, 
which not only increases the cost of ship construction, but also puts up the cost 
of working expenses and maintenance, which are naturally passed on by the 
shipowner 

There are, however, other very important considerations which must be 
taken into account Pressing as the economic question is, there are distinct 
advantages in the employment of big ships Higher speed can be obtained, 
which at this distance from Europe, is desiiable for mails, passengers, and 
cargo The time element is certainly of urgent importance to Australia 
Greater safety, seaworthiness, steadiness, and comfort are also secured 

The class of whaif construction that will come into use in the future, 
though important, is veiy unceitain at the present time Timber has been used 
almost entirely in Australia Reinforced concrete has been dealt with very 
charily, but it is safe to say that, if the local timbers had not proved so satis 
factory from e\ery point of view, leinforced concrete would have been largely 
used during the last fifteen yeais 

Where space is available, longshore whaives, seived by low le\el road and 
belt railway, offer the gieatest facilities foi handling caigo But as this is not 
always possible jetties will continue to be used to a large extent To proMde 
shed accommodation and low level load access to facilitate the removal of 
goods, without traffic congestion, necessitates veiy great width of jetty In 
Sydney two plans are being tried to meet such cases In one instance the letty 
IS 210 feet wide, with a sunken road down the middle which brings the cart nody 
to the level of the shed floor 

In another case, where the available water frontage length is restricted, a 
type of jetty is being built with a high and a low side, so that when a cart 
IS on the low side the body is at the floor level of the higher side of the jetty 
The high side, which extends over about three quarters of the width of the jetty, 
will be used for inward cargo, which requires as much space as possible for 
sorting and stacking The low aide will be used for traffic and outwaid cargo, 
which goes aboard the ship as it arrives, and seldom accumulates on the wharf 
to the extent of more than four or five hundred tons at a time These jetties 
will have an upper deck approached by a bridge from a high level roadway 
The upper deck will be constructed with high and low levels, similar to the 
lower deck, but disposed on the opposite sides Thus, each side of the letty 
will have a separate loading and unloading deck On this account it will be 
possible to carry on the two operations together without confusion of outward 
and inward cargo, and the cost of construction will be relatively low 

The position of the other Australian ports was reviewed in the same way, 
for the purpose of considering how far the Port Authorities are justified in 
accepting the challenge of the shipowner 


3 The Distrihuiwn of Phosphorus in Steel 
By Walter Rosfniiain, BA, D Sc , F R S 

The injurious influence of phosphorus on the mechanical properties of steel 
is very fully recognised, so much so that for a large class of important steel 
articles, such as tyres, axles, springs, &c , it is usual to specify that the 
phosphorus content shall not exceed 0 036 per cent If phosphorus were 
uniformly distributed throughout steel it would be difficult to believe that less 
than four parts in ten thousand could exert a seriously injurious influence 
Observation of all ordinary commercial steels, however, serves to show at once 
that phosphorus is not uniformly distributed This matter has been studied, 
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chiefly by J E Stead , by the method of heat tinting which differentiates 
between those portions of a polished steel surface rich in phosphorus and those 
free from it by the difference in the rate of oxidation The banded distribution 
of the phosphorus thus reproduces itseli as bands of different depths of tinting 
on the surface after exposure to heat More recently the author and J L 
Haughton at the National Physical Laboratory have worked out a method of 
tracing the phosphorus distribution in steel by means of a new reagent This 
IS a solution of ferric chloride rendered acid by hydrochloric acid and containing 
in solution small quantities of the chlorides of copper and tin When a steel 
surface is exposed to this reagent electro chemical replacement occurs^ a small 
quantity of iron passes into solution^ and a corresponding amount of copper is 
deposited as a thin film on the surface of the steel In an ideally pure steel 
this deposit would be uniform over the entire area of the ferrite constituent^ 
but in a phosphoric steel the copper film is deposited first on those ferrite 
legions which are most nearly pure, those regions richest in phosphorus being 
left unaffected for a long time Seen under the microscope, the surface thus 
‘ etched * by the selective deposition of copper presents a well defined appear 
anoe which at one point reaches i development corresponding accurately to the 
pattern produced by the older method of heat tinting, at an earlier stage, 
howevei, featuies are shown which escape detection by the older methods A 
study of these features leads the author to trace back the origin of the banded 
structure of phosphoiic steel to processes which aie known to occur in the first 
solidification of a * solid solution * alloy, so that the coarser or finer banding 
of the finished steel depends upon the scale of crystallisation which took place 
in the original ingot, in spite of the fact that the crystallme structure may have 
been entirely changed repeatedly as the result of thermal or mechanical treat 
ment This great persistence of the ‘geographical* distribution of phosphoius 
IS to be ascribed to the low velocity of diffusion of iron phosphide when present 
in solid solution in iron Ihe paper was illustrated by numerous pliotogiaphs 
and diagiams 

4 Notes on bonic Tests of Petrol Motot lire Enqincs^ and iha 
Irulional and other Hesiblanccs to the Flow of ater through 
Camas Fire Hose By Piofessoi T ITudsov Bt \ri , M Inst C E 

Ihc experiments destiibed in this papei weie earned out on two fire engine^ 
llio first engine, supplied by Mossis Meiryweathei, was driven by a four cylinder 
‘ Aster ' petrol engine, the cylinders being 5J inches diameter, with a 6^ inches 
stioke, and the speed 1,000 revolutions iiei minute The pump was of the ‘ Hat 
field’ lecipiocating type and had three single acting plungeis of 7 inches boie 
ind 5 inches stroke, the barrels weie an urged radiilly round i common ciank pin 
it an angle ot 120^ to one anothei The pump w la diiven by a chiin, 5^ inches 
wide, and was geaied down 4 47 to 1, with this geaiing 1,000 levolutions of the 
motoi would correspond to 224 revolutions of the pump 

The second engine supplied by the Halleys Tndustiial Motoi Company, was 
duven by a six cylinder petrol engine, the cylinders being 5 inches in diameter 
with a 5i inches stroke, stated to be capable of developing 60 h p at 1,000 levolu 
tions per minute The pump, made by Messrs Mather & Platt, was of the 
centrifugal type, and was diiven diiect fiom the engine by enclosed geaiing run 
ning in oil , the pump was geared up about 3 to 2 — that is to say, when the engine 
was making 1,000 revolutions the pump would be making about 1,500 revolutions 
per minute The engine carried a reciprocating exhauster an pump, driven bv a 
chain drive off the pump shaft, this mechanism being necessaiy in older that the 
centrifugal pump might be charged when drawing its watei supply from a dam, 
or any other source in which the water was not under pressure 

Weight of Engines and Equipment 

No 1 No 2 

Tons cwt Tons ewt 

Carrymg full load 6 16 4 13 J 

All equipment removed (except top ladder) 4 18 4 4 

Hoise jmoer of the Engine^ 

52 9 


BAG ratmg 
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The mam experiments weie to deteimiiie the quantity of watei pumped pci 
minute, and the pressure at the pump deliveiy side and at the nozzle Ihe 
quantity of w iter pumped was measured either by passing it thiough a Venturi 
meter on its way to the nozzle oi by discharging the watei from the nozzle into 
a big swimming bath which had been carefully calibrated beforehand The 
Venturi metei was tested for the accuracy of its recoids both befoie and aftei 
the experiments were carried out 

In order to determine frictional and other lesistances to the flow of water 
through the canvas Are hose, different lengths of hose were tested, all the other 
conditions being kept practically constant, and it was thus possible to eliminate 
the resistances at the point of entry into the hose, and in the meter when the 
water was delivered through a meter, and at the entrv to the nozzle Experi 
ments were made with ordinal y canvas hose and with rubber lined canvas hose 
The hose experimented with was 2} inches in internal diameter, and various 
diameters of nozzles were employed in the tests The lengths of hose tested weie 
100 feet, 500 feet, and 1,000 feet, and some expeiiments were made with double 
lines of hose, each delivering to a nozzle of the same diameter 

The xesults obtained as to quantities of v^ater pumped, pressures at pump and 
at nozzle, and speed of engine are given in the form of tables, and a final table 
gives the coefficients of frictional and other resistances to the flow of water 
through canvas fire hose 


5 Aiislralmi Timbers H?/ Piolessoi \V IF VVarui n 


^11 Sub bection 0 11 the following Repoit and Pipeis wcic ic»d — 
1 Be purl on Gaseous Ei plosions — See Kepoits, p 177 


2 Temperaliin ( ijdes in Ileal-Pjiujines 
By Piofessoi E G Coklr and W A Scoble 

E xpei imeiital in\ estigatioiib of the cyclical \ariations of heat engines ind 
heat pumps have received much attention, and numerous methods and instiu 
ments have been devised to give lecords of then cyclical chinges, such as those 
of pressure and volume of the working fluid, changes of angular velocity of 
the cr ink shaft, ind the like Temperature changes in the working fluid in ly 
usually be iiiferied veiy accuiately from the pressures lecorded on an mdicatoi 
diagram, since theie is usually a definite relation between piessure and tern 
perature of i vapour, as, for example, in heat engines using steam direct fiom 
a boiler without the inteivention of a supei heater In othei heat engines, siuli 
as those usjng superheated fluids, and also those of the internal combustion 
type, the tempeiature is moie difficult to determine, and it becomes import int 
to measure it directly Platinum resistance theimometers ind theimo electiic 
couples have been fiequently employed loi mtasuiing cyclical changes of 
tempeiatuie in heat engines, and a complete lecoid from point to point of i 
cjcle may be obtained if the engine is woiking with absolute unifoiinit^ As 
it IS usually impossible to pi event some amount of variation in the woiking 
of the engine while the measurements are in progress, the resulting cui\e is a 
composite one since each measuiement corresponds to a different cycle 

The possiDihty of obtaining an instantaneous automatic record with an 
Lintho\^n type of galvanometer was considered in oui early expeiiments on the 
cyclical variations of temperature ot the woiking fluid of a gas engine, and in 
the walls of the cylmdci, but the difficulties then appeared to be so gieat that 
a potentiometer balance method was used instead Recently by the kindness 
of the Cambridge Scientific Instrument Company, we have been able to make 
experiments with their latest form of short period Einthoven galvanometer, 
and this has enabled us to obtain instantaneous records of the temperature cycles 
of the working fluid of steam and gas engines, and also the variations of 
temperature in the walls Some of these photographic records are shown, and 
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then detailed characteiietics are consideied in the paper They confirtn the 
geneial accuracy of our former measurements on cyclical variations of tempeia 
ture in a gas engine cylinder, and also shoi/s some new features due to variations 
from stroke to stroke caused by misfires and the like 


3 The Lobt Piessure in Gaseoub Explosioub By Piofessor W M 
Thornton, D Sc , D Eng 

When the maximum pressure of an explosion is calculated fioin the heat of 
Lombustion ot the elements of the gaseous mixture values are obtained which 
are in all cases about twice those found by experiment The mean of a large 
number of ‘ efticiencies of explosion * for different combustible gases approaches 
one half lo account for this four chief suggestions have been made (1) that 
there is dissociation of the products of combustion, (2) that the specific heats iic 
much higher at explosion temperatures, (3) that the products aie rapidly cooled 
by ladiation to the walls of the vessel, (4) that the combustion is not complete 
at the time of reaching the maximum piessure None ot these is in itself sufh 
cient to account for all the loss of pressure The suggestion is now mide tint 
it may be caused by the forces ot cohesion whic h come suddenly into pi ly at 
the moment of foimation of a molecule, check the tianslation il eneigy to which 
alone piessure and tempeiature are due, and laise for the moment the lotational 
energy of the combining bodies It is shown that the latio of the translational 
eneigy of two colliding and coheiing bodies before and aftei collision is one half, 
and this latio is to be expected foi the whole mixtuie 

The suggestion receives suppoit tiom the toim of the cui\e connecting 
cftnieiuy of explosion and changed peicentage ot gas in the mixtiiie This 
efticiency can be shown to have the foiin /a = l — BN, wheie B is a constant and 
N IS the number of combustible units in unit volume A combustible unit is 
defined as that group of one molecule of combustible gas and of oxygen itoms 
]ust sufficient for its complete combustion At the uppei limit N la zeio, and 
the efficiency cuive is triangular on a base coinciciing with the limits of 
inflammability Its mean height is theiefoie one hilf of the maximum and this 
agiees veiv faiily well with the observed values given by Cleik in the case of 
coal gas 

4 I he Limiting Couliiions for the Safe the of Lletlricily in ( t>nl 
Mining ^ By Piofebsoi W M Tiiormon, D S( , D Eng 

The papei was a summaiy of lecent itseaichcs on the limits of electiical 
ignition of inflammable mine gases iiid coal dust The lower limit ot inflani 
mability is 5 6 pei cent of methane in air by volume, a tempeiatuu of JOO'^ C 
loweis this to 5 1 pei cent The most inflammable mixtures are at 8 pei cent 
for continuous curient break spaiks, 10 2 per cent for alternating cun cut 
bleaks Excess of nitrogen apiieais to maikedlv inciease the necessaiy igniting 
curient With non inductive circuits 1 am pei e at 100 continuous volts is a 
tvpical value, the coriesponding v lines with ilteinating cniient iie 7 ampeies 
it 40 periods a second, 16 it 60, 20 at 80, and 29 it 1(X) By v iiymg the 
inductance the energy of an igniting bieik spaik is found to be constant it 
ibout 01 joule Electiic signalling bells liive mdiutince up to 0 5 htniy 
ind Ignite gases at the tiemblei spaik or signalling point \ll electric lamps 
and fuses, howevei small, must be enclosed Oscillations on a cable sheath 
caused by shoit ciicuits on the conductor will not ignite gas, but maintained 
leakage aics fiom armouiing aie only slightly moie active than break sparks 
Static discharges from 6 inch high speed belting could not be made to ignite 
gas, nor the blue biush discharge fiom high piessure conductois Movements 
of clouds of dust have been shown to give electiification and to cause sparks, 
but the energy must be much greatei than can be obtained experimentally in 
ordei that this should become dangeious Wiieless telegraphy operations on 
the surface do not induce sparking potentials underground Capacity spaiks 
in general from cables left insulated dftei being chaiged are veiy active, 0 002 

‘Published in the Elettntian, Ixxiii , p 822 
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to 0 005 joule causing ignition The influence of gaa in foiwaiding coal dust 
explosions begins to be felt when i per cent of gas is present At 2 per 
cent full Ignitions are obtained at every tiial Coal dust alone can be ignited 
by both continuous current or alternating cuiient bieak flashes, the foimer 
lequuing 3 5 to 6 ampeies at 480 volts iii non inductive cii cults, the lattei 
14 amperes at 40 periods and on a power fictoi of 0 8 Continuous cui rent 
faults on the negative cable develop lapidiy in the piesence of moistuio and 
the cable is disintegrated Alternating cuirent faults are self liealiiig, and a 
mechanical fault does not incicase electiically on an altciiiating cuirent cable 
Aimouiing is necessaiy undei modern powei conditions, lighting ind sig 
nailing circuits must be equally well piotected to pieveiit open spiiking The 
limits of safety are electrically low, but the iisks of ignition die even now no 
greater than those attending the use of flame safety limps, and they cm be 
entiiely pi evented 

6 The Bahillio Sybleni of Wuelebb Telegraph y as cniploycd in llu 
Badio Telegraph Slations of the Coninton wealth of Aushalia ^ 
By J G 

b 2 he CapuLily of Radio Teleyraphu itnals “ 

Piofcsboi G W O llowi , D St 

The capacity lonsideied in this pipci is the actuil stitic c ipicity, nid not the 
equivalent capicity of the antcuna consideied as put ot ni osiilhtoiy ciiciiit 
The accuiatc calculation of the capacity ot i multiple wiie hoii/ontd aciiil 
with its Ic idiiig down wues would be a difluult inathcniitK il pioblcni, quite 
unwaiiantel by the pi actual icquiiemcnts of i idio tclcgiaphv 

When laiscd to a potentul above oi be^ow that of the ciith the cliii^i is 
distiibuted ovei the antenni in i way which is not easy to i ilcul ite but wJm li 
must be such tint all paits ot the aiitciina aie at the sinie i)otontul Jf the 
antenna were mide up ot a gieit numbci of shoit piects phetd end to end, 
but insulated tioni each othci, it would be possible to distiibute the chuge 
uniformly, but the potentul would then vaiy fioni point to point in i way whuh 
is easily calculated If now we assume tint all the cepii ite pieces ot wiic aie 
connected, electiicity will flow lioiii points ot high to points ot low potenti d 
until the potential is eveiywhere the same The assumption made in developing 
the various formulce is that this final uiiitoini potentul is equal to the ivciagc 
value of the potential when the chvrge was unitoimly distiibuted This is only 
appioximately coriect, but the accuracy is moic than cufhiient foi ill pi n tu j1 
purposes This method has teen applied to intenii c ot all the fypes usually 
employed, and formulae have been established foi eich type A luge numbci of 
numerical examples have been worked out, and the results are given in tables and 
cuives, so that the capacity of any antenna cm be lead oft diiectly fiom its 
dimensions The corrections due to the leading down wues and to the pioximity 
ot the earth are fully considered, and examples given showing the ipplication of 
the formulae to antennae of any type 

Formulae for the calculation of the capacity of antennm have recently been 
published by Pedersen (‘Jahrbuch der Drahtlosen Telegraphie,’ vii 4, p 434) 
and Louis Cohen {Electrirtan, February 14 and 21, 1913) When applied 
to the experimental results quoted by Cohen, the formulae developed in this 
paper give closer agreement than do the formulae given by Cohen, although some 
of his results can hardly be reconciled with the given data 

7 Irrigation Dams and Hydro Electric Power ^ 

By E Kilburn Scott 

^ Published in the Electrician, Ixxiv , p TO 
“ Published in the Electnnan, Ixxiii , p 829 
® Published in Electrical Review, Ixxv , p 317 
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Section H — ANTHEOPOLOGY 

Prfsident 01 THE SECTION — Sir Ever\rd im Tiiurn, C B , K C M G 


The President delnerod the following Address at Sydney, on Friday, 
August 21 — 

A Stud}/ of Primitive Character 

Civilisation and ‘advageiy’ — for unfortunately it seems now too late to substi 
tute any term of less misleading suggestion for tJiat word ‘ savagery * — are the 
labels which we civilised folk apply respectively to two forms of human oultuie 
apparently so unlike that it is hard to conceive that they had a common origin 
— oui own culture and that other, the most primitive form of human culture, 
from which, at some unknown and distant period, our own diverged But, 
assuming one common origin for the whole human race, we anthropologists can 
but assume that at an eaily stage in the history of that race some new idea was 
implanted in a part of these folk, that is in the ancestors of civilised folk, which 
caused these thenceforth to advance continuously, doubtless by many again subse 
quently diverging and often intercrossing roads, some doubtless more rapidly 
than others, but all mainly towards that which is called civilisation, while those 
others, those whom we call ‘savages,* were left behind at that first parting of 
the ways, to stumble blindly, advancing indeed after a fashion of their own, but 
comparatively slowly and in a quite different direction 

It IS easy enough for civilised folk, when after age long separation they again 
come acioss the ‘savages,* to discern the existence of wide differences between 
the two, m physical and mental characteristics, and in arts and crafts, it is not 
so easy, it may even be that it is impossible, to detect the exact nature of these 
differences, especially in the matter of mental characters 

As 1 rule the occupant of this presidential chair is one who, whether he 
has seen much of ‘ sa\ages ’ at close quarters or not, has had much amplei 
opportunity than has fallen to my lot of comparative study of that great mass of 
anthiopological observations which, gather^ from almost every part of the 
world, has now been recorded at headquarters I, on the other hand, happen to 
have spent the better part of my active life in two different parts of the world, 
1 emote from books and men of science, but in both of which folk of civilised and 
of savage culture have been more or less intermixed, but as yet very imperfectlv 
combined, and in both of which I have been brought into rather unusually cloec 
and svmpathetic contact with folk who, whatever veneer of civilisation may have 
been put upon them, are in the thoughts which he at the back of their minds and 
in character still ilmost as when their ancestors were at the stage of savage 
culture 

While trying to adjust the mutual relations of wild folk and of folk of 
civilised stock, I have seen from close at hand the clash which is inevitable when 
the two meet — a clash which is naturally all the gieater when the meeting is 
sudden Moreover, having started with a strong taste for natural history, and 
especially for the natuial history of man and having had much guidance from 
many anthropological friends and fiom books, I have perhaps been especially 
fortunate in opportunity for studying the more natural human animal at close 
quarters and in his natural surioundings I have tried, from as abstract and 
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nnprejiuiued n. ])oint of view us possible, to understand the chaiacter, the 
mental ind moril attitude, of the naturil ‘sivige’ as he must have been when 
civilised folk hist found him and, at fiist without much eifoib to understand 
liim, tiled abniptly to impose an extremely different and alien foim of culture 
on this almost new kind of man 

I venture to claim, though with diffidence that I may have begun to discein 
inoie cleaily, even though only a little moie clearly than usual, what the primi 
tive man, the natuial ‘savage’ — or, as he might more accurately be described, 
the wild man -was like, and it seemed possible that an attempt to bring 
together a pic tine — it can haidly be more than a sketch — of the mentality and 
charactei of some one gioup of people who had nevei passed out of the stage of 
‘savagely’ might be inteiesting and piactically useful, especially it it proves 
))Ossible to disentangle the more primitive ideas of such people fiom those which 
they subsequently absoibed by contact, at firat with other wild, but less wild, 
folk, and latei with civilised folk, and that a further study of the retention 
hy these folk of some of their earlier habits of thought during later stages in 
their mental development might suggest a probable explanation of certain of 
their manners and customs for which it is otherwise hard to account 

The attimment of some such understanding is, or should be, one of the chief 
objectives of the piactical anthropologist, not merely for academic pin poses, but 
ilso for the practical guidance of those who in so many pirts of our Empire are 
brought into daily contact with so called ‘savages* 

Peiliaps baldly anywhere else in the woild would it be posoible to find bettei 
opportunity and more suitable conditions foi such a study as I now piopose thin 
in the tropical islands of the vSouth Reas The ancestois of these islanders, while 
'•till in puiely ‘savage condition, must have drifted away from the rest of the 
luiinui 1 ice, and enteied into the utter seclusion of that largest of oceans, the 
Picific, coveiing is it does moie than a third of the surface of the globe, long 
before the first man of civilised nee, Balboa, in 1513, fiom the Peak in Darien, 
set eyes on the edge of what he called ‘the Great South Sea,’ liefore Magellan, in 
152f), forced his way into and across that same sea, which he called the Pacific, 
and ceitainly long before civilised men settled on any put of the shore of that 
ocean, « c , in 1788, at the foundation of Austrilia For when first studied 
at close quarters by civilised folk from Europe, which was not till after the 
last named event, these South Sea ‘ savages * had been in seclusion during a 
peiiod sutficiently long — and certainly no short period would have sufficed for 
such an effect — not only for them all to have assumed characters, cultural and 
even physical, sufficient to distinguish them from all other folk outside the 
Picific, but also for them to have split up into many separate parties, probably 
sometime* of but few individuals many of which had drifted to some isolated 
island or island group, and had there in the course of time taken on further well 
marked secondary differences 

It will probably now never be discovered when, how often, and from what 
different places the ancestors of these folk reached the Pacific It is quite 
possible that they entered again and again, and weie carried by winds and 
currents, some from west to east and some in the leverse direction, many perish 
ing in that waste of waters, but some reaching land and finding shelter on some 
of that great cloud of small islands which lie scattered on both sides of the 
equator and nearly across that otherwise landless ocean 

Of the folk who in those old times thus drifted about and across the Pacific, 
the most important, for the part which they played in the story which I am 
endeavouring to tell, were the two hordes of ‘savages * now known respectively 
as Melanesians and Polynesians Without entering deeply into the difficult sub 
ject of the earlier migrations of these two hordes, it will suffice here to note 
that, towards the end of the eighteenth century, when European folk at last 
began to frequent the South Sea Islands, and when consequently something 
definite began to be known in Europe about the islanders, certain Melanesians, 
who had probably long pieviously drifted down from north westward, were 
found to be, and probably had long been, in occupation of the exceptionally 
remote and isolated Fiji Islands, also that, long after this Melanesian occupa 
tion of these islands, and only shortly before Europeans began to frequent them, 
several bodies of Polynesians, who had long been in occupation of the Friendly 
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or Tongan IbUiids, lying dway to the cast of iiji, hid alitady foiced oi wcio 
loiLing their way into the Fijiaii Iblands 

The meeting in Fiji of these two folk, both still iii a state of ‘ savageiy,’ hut 
the Polynesians much fuithei advanced in cultuie than the Melanesians^ at a 
time befoie European influence had begun to strengthen in those islands, affords 
an exceptionally good opportunity for the study of successive stages in the 
development of primitive character, especially as the two sets of ‘savages’ weie 
not yet so closely intermingled as to be indistinguishable — at least in many paits 
of Fiji It IS unfortunate that the earliest European \isitois to Fiji were not 
of the kind to observe and to leave proper records of their observations 

The earliei, Melanesian, occupants of biji had to some extent given \\ay, but 
by no means readily and completely, to the Polynesian invaders The foimer, not 
only in the mountain fastnesses difhcult of access, but also in such of the islets 
as the local wind and weather conditions made diflicult of iccess, letaincd 
their own distinct and simpler culture, their own thoughts, hibits, and arts, long 
after the Polynesians had seized the more important places accessible to the sea 
ind had imposed much of then own more elaborate (but still ‘si\age’) cultuu 
oil such of the Melanesians’ communities as they had theie subjugated and 
sbsorbed 

The social oigaiiisation tluoiighout biji lenmiicd communistic, but in the 
puiely Melanesian communities the system was puiely demociatic (i e , without 
chiefs) while in the ncwei mixed Polynesian Melanesian commuiiitico - as w is 
natuial when theie had been intermingling of two unequally cultuied i ices — 
there had been developed a sort of oligarchic system, in which the Melanesian 
commoners worked contentedly, or at least with characteristic resignation, for 
their new Polynesian chiefs 

Alike in all these communities custom enfoiced by club hw pi evaded, but in 
the one case the administrative function rested with the community as a whole, 
while in the other it was usurped by the chiefs 

Though we are here to consider mainly the ideas, the mentality, of these 
people, it will be useful to say a few preliminary words as to their arts and 
ciafts The Melanesians during their long undisturbed occupation of the islands 
had undoubtedly made great progress, on lines pecuhai to them, especially 
in boat building, in which they excelled all other South Sea islanders, in the 
making of clubs and other weapons, and in otherwise using the timbei, which 
grew more abundantly, and of better quality, in their islands than elsewhere 
Meanwhile the Polynesians, in their earlier homes and long before they reached 
Fiji, had developed, in very high degree, corresponding but different and much 
more elaborate arts (and ideas) of their own But, as we know fiom Ciptain 
Cook, the Polynesians, despite their own higher culture, from their Tongan 
Jiomes, greatly admired and appreciated the special craftsmanship of the Iijians, 
and it was indeed this admiration which attracted the foimer fiom Tonga to Fiji , 
ind when the Polynesians had gained footing in the Fijis they — quite in accord 
ance with human nature — were inclined, for a time at least, to foster the foreign 
Iijian aits — if not Fijian ideas —rather than replace these by their own arts, and 
before the struggle, both physical and cultural, between the two sets of * savages’ 
hid gone far it was interrupted, ind more or less definitely arrested, by the 
arrival and gradual settlement of the still more poweiful, because civilised, white 
folk from the Western world 

In turning to the earlier (Melanesian) occupants of Fiji, and especially to 
the less advanced of these, to find the traces of which we are in search of the 
more primitive habit of thought, it must not be forgotten that even at the sta<ge 
at which we begin to know about them they had made considerable advance, in 
their ideas as well as in their arts and crafts They still used their most 
piimitive form of club, but also made others of much more elaborated foim, so, 
though the ideas which lay at the basis of their habit of thought were of very 
primitive kind, they had acquiied others of more complex character 

Before going further may I say — and I sincerely hope that the suggestion will 
not be misunderstood — ^that in the difhcult task of forming a clear conception of 
the fundamental stock of thought which must have guided the conduct of the more 
primitive folk we must constantly bear m mind the parallelism (I do not mean 
necessaiy identity of origin) between the thoughts of the eailiest humin folk and 
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the con espoiidiiig instiiictb (ds these die cdlled) noticedble iii the cdbc of bome of 
the higher animals’ 1 dm pirticuldrly anxious not to be inibundei stood , tJio 
suggestion is not that even the most primitive hum in folk Vreie meat illy meiely 
on a par even with the highei diiimdls, but thit many, peihdps most, of the 
^dys of thought thdt guided the piimitive mdii in his btdiiiig towdidb the woild 
outside himself may be more easily undeistood it it is once realised, and after 
wards lemembered, that the t^^o mental habits, howevei diffeieiit in origin and 
in degree of development, were remarkably analogous in kind 

A similar analogy, in lespect not of thoughts but of iits may well illustiato 
this correspondence between the elementary ideas of men and animals Ihe 
higher apes occasionally aim themselves bv teaiing a young tiee up by the 
loot^^and using the ‘club * thus provided g-s a weipon of ofienee and defence 
against their enemios Some of the piimitive South ‘^ei isliiideis did — n ly, do — 
exactly the same oi at any i ite did so till \eiv litely Ihe club — the so called 
malumu — which the bijian, then and up to the mueh latci time when he ceased to 
use a club at all, gieatly prefeiied to use foi all seiious fighting pui poses was pio 
vided m exactly the same way, i c , by diagging a young tiee fiom the giouiid, and 
smoothing off the moie nigged lOots to form whit the Amciicin might call the 
business end of the club But though the bijiaii, thioughout the peiiod duiing 
which he retained his own wavs used ind even piefeiied this eailiest foim ot 
club, he meanwhile employed his leisuie (which was abundint), his fancy, and his 
ingenuitv, in oinanienting this weapon, and also iii gi iduillv id iptiiig it to moie 
and moie special puiposes, some of the latei of whitli weic not even waihke but 
weie ceiemonial puiposes, till in course of time each isolated island oi gioup of 
islands evolved clubs special to it in foini, puipose, and oinament, and the vciy 
numeious and puzzlingly vaiied senes of elaboiate ind beautiful clubs and club 
shaped implements lesulted It seems to be in povvei of impiovemcnt ind 
elaboiation that lies the diffeience between men folk and animil folk 

bomething simil u may be assumed to have bioiight about the evolution of 
the ideas of these islindeis htartiiig with a stock of thoughts similii in kind 
to the instincts of the moie advanced animals, the human folk— by viitue of 
some mysteiious potentiality — giiduilly adapted these to meet the spceiil 
circumstances of then own suiroundings, and in so doing oinamcnting these 
piimitive thoughts fuithei in atcordance with f nicy 

In the Fiji Islmds this process of cultuial development was f)iol)ably slow 
dining the long peiiod while the Melanesians with pcihaps the occisionil 
stimulus affoidcd by the diifting in of a little humni flotsam and jctsain fiom 
othci still moie primitive folk, weie in sole occiipition, >ct it must have been 
during this period and by these folk that the distinctively hijian foim of cultuie 
was evolved But the process must have been gieitly acceleixted, ind at the 
same time more or less changed m direction, by the incoming of the distinct and 
higher Polynesian culture, at a time certainly befoie, but perhaps not veiy long 
before, the encroachment of Europeans 

In order to realrse as vividly as possible what were the earlier, most elemen 
tary, thoughts on which the whole detail of his subsequent ‘ savage ’ mentality 
was gradually imposed, it is essential for the time being to discard practically 
all the ideas which, since the road to civilisation paited from that on which 
savagery was left to lingei, have built up the mentality of civilised folk, it is 
essential to try to see as the most primitive Fijian saw and to conceive what these 
islanders thought as to themselves and as to the world in which they found 
themselves 

It seems safe to assume that the primitive man, absolutely self centred, had 
hardly begun to puzzle out any explanation even of his own natuie, still less of 
the real nature of all the other beings of which he must have been vaguely 
conscious in the world outside himself To put it bluntly, he took things very 
much as they came, and had hardly begun to ask questions 

Ho was — he could not but be, as the lower animals are— in some vague way 
conscious of himself, and from that one entirely self centred position he could 
not but perceive from time to time that othei beings, more or less like himself, 
were about him, and came more or less in contact with him 

The place iii winch he was conscious of being appeared to him limitless 
He did not leahse that he could move about only in the islet which was his 
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home, or perhaps even only in a part of a somewhat larger, but according to our 
ideis still small, island, if other islets were in sight from that on which he 
lived, these also would be part of his world, especially if— though such incidents 
must have been rare — he had crossed to, or been visited by strangers from, those 
islands — islands which lay between his own home and that which he spoke of as 
wai langi lala (water sky emptiness) and we speak of as the horizon To him 
the world was not limited by any line, even the furthest which his sight dis 
closed to him Rarely, but still sometimes, strangers had come from beyond 
that line Peihaps too he had some time heard that his ancestors had come 
from the somewhere which seemed beyond Again his ancestors of whom he had 
heard, and even some of the contemporaries whom he had seen, though no longer 
with him except occasionally during his dreams in bodily form, were somewhere, 
somewhere beyond that line of sight Even he himself (in what were his 
dreams, as we say, but to him were part of his real life) habituallv went beyond 
the line, and, as far as his experience had gone, returned each time to the 
island home 

Moreover, he did not doubt that this limitless region in which it vaguely 
seemed to him that he, and innumerable other beings, moved, extended not 
merely along what we speak of as the surface of the globe, but also, and 
equally without any intervening obstacle, up into the infinite space above and 
beyond the sky In short, to this primitive man the world, though the part 
of it to which he had actual access was so small, was limitless 

The thoughts of the dvvelkr in this vague world, as to himself and as to the 
other beings of which *fiom time to time he became conscious, must have been 
coriespondingly indefinite 

He was, to a degree almost if not quite beyond our power of conception, 
a spiritualist rather than a materialist, and it is essential to get some idei of 
the extent and manner of his recognition of spiritu il beings — and his con espond 
ing non lecognition of things material 

In passing I here disclaim, for myself at least, the use of the misleading 
word ‘ belief ’ in speaking of the ideas of reallv primitive man — as, for instance 
in the phrase the ‘ belief in immortahtv * Possibly primitive men of somewhat 
moie advanced thought, though not yet beyond the stage of ‘savagery,’ ma> 
have ‘belie\ed ’ m spirits, in immortahtv, and so on, but it seems to me that 
at the eailier stage there can hardly have been more than recognition (admittedlv 
veiy stiong recognition) of spiiitual beings, and non recognition of any beginning 
01 ending of these spirits 

lo return from this digiession, Sii E B Tylor long since gave currency to 
the veiy useful word ‘ animism ’ as meaning ‘ the belief in spiritual beings,’ and 
this hts been taken to mean that animism was the initial stage, or at any rate 
the eailiest discoverable stige, of all religion The primitive Fijian was cei 
tiinly a thoiough going animist, if his extraordinarily strong but vague recog 
nition of spiiitiial beings suffices to make him that, but I do not think that the 
ideis of that kind of the primitive ‘savage ’ — or, say, of the most piimitive Fiji in 
— befoie his ideas had been worked up into somewhat higher thought duiing the 
lon^g period wliile he was secluded in his lemote i&lands and before the advent 
of the Polynesiins had developed far enough to constitute anything whicli 
could be called ‘ religion,’ though doubtless they were the sort of stuff which, 
had these folk been left to themselves might, probablv did, foim the bisis 
of the ‘ leligion ’ tow aids which they weie tending 

Practically all human beings — savage and civilised alike — and, though in 
lowei dcgiee, even animal folk have in some degree recognised the existence 
of some soit of spiritual beings The point tlien seems to be to discover whit 
was the natuie of the spiritual beings which the primitive Fijian lecognised 
but without understanding 

Anthropologists have recentlv defined, or at least described, sev^eral kinds of 
spiritual beings as recognised (even here I will not use the word ‘believed ’) 
by more or less piimitive folk There is, fiist, the soul or the separable 
personality of the living man or other being, secondly, the ghost, or the same 
thing after death , thirdly the spirit, which is said to be a soul like being which 
has never been associited with a human or animal body, and, fouithly, theie 
IS, it appears, to be taken into consideration yet another kind of spiritual being 



520 


TRANSACTIONS OP SECTION H 


(or something of that natuie) which la the life of personality, not amounting to 
a sepaidble oi appantionil soul, whuh, it has been supposed, some primitive 
folk have attributed to what we call * inanimate things ’ 

It seems, though I say this with all due deference, that this identification 
and naming of various kinds of spiritual beings, though it may hold good of 
inimism at a higher stage, does not fib the case of the more primitive animist 
(say, that of the Melanesian in the very backward state in which, as far as we 
know, he first reached Fiji), for presumably he had not as yet recognised noi 
differentiated between the various kinds just enumerated He recognised some 
thing which may be called the ‘soul,* which was the separable personality of the 
living man or other being But he did not recognise — ^perhaps it would be 
better to say that he had not yet attained to recognition of — the ghost, or the 
same thing after death , for he had not even recognised any real break, involving 
change, at death Nor, as I think, did he recognise a spirit, t e , a soul like 
being which had never been associated with a human or animal body, for he 
had no idea of any spiritual being which did not, or could not, on occasion 
associate itself with a human, animal, or other material body, nor seemingly 
h id he reached the stage, labelled ammattsm^ in which he would have attributed 
life and personality to things (which I take to mean things which are to us 
iiunimate) 

All that the most primiti/e man would recognise would be that he himself — 
the essential part of him — was a being (for convenience and for want of a bettei 
name it may be called ‘soul’) temporarily separable at any time from the 
material body in which it happened to be, and imtiamrfielled— except to some 
extent by the clog of the body— by an> such conditions as time and space, he 
liad found no rcison to think that in these respects the many other beings of 
which from time to time lie became aware (whether these were what we should 
class as men, other animals, oi the things which we speak of as inanimate, such 
IS stocks and stones, or bodiless natural phenomen i, such as winds) differed 
liom himself only in the comparatively unimportant matter of bodily foim 
moieovei, it seemed to him that, as he himself could to some extent do ill 
the&e, the other beings, and some perhaps even more eisily, were able to pass 
tiom one body to another 

He felt that these ‘souls’ were only temporal ily and more or less loosely 
ittaihed to the paiticulir miterial forms in which they happened to manifest 
themselves at any moment, ind tint the mitenil form in which the soul (and 
noticeably this held good even of his own soul) happened it iny moment to be 
embodied was of little or no real importance to that soul, whidi could continue 
to exist just as well without as with that body 

Another point which it is important to note is the egoism of the savxge mm 
as distinguished fiom the altruism of the civilised man, for it was peihaps the 
beginning of the idea of altruism, of duty to one s neighboui, that gave the 
stilt to civilisition, and it was because the ancestors of the sav ige had iievei 
got hold of this fundamental principle of altruism that they were left heliind 

The uncivilised man, complete egoist as he was, thought and icted onlv foi his 
own person il interests It is tiue that he was to a certain extent kind (as we 
might call it) to the people of his own small community, and possibly still more 
kind to such of the community as seemed to him more immediatelv of his own 
kindled But this kindness was little more than instinctive — ^little more than a 
way of attracting further service It is also true that on the occasions, which 
must have been very rare till a late period in the Melanesian occupation of Fiji, 
when strangers — ; c , persons of whom ihe had not even dreamed — came, so sni 
prisingly, into his purview, he was sometimes civil or even hospitable to those 
strangers (it should not be forgotten that to him these were souls embodied by 
separable accident in material forms) , but this would have been only on occasions 
on which he knew, or suspected, that these visitors were stionger than himself 
and able to injure or benefit him 

Another point ot great significance in the character of this primitive man 
was that he had no conception of ownership of property To him all that we 
should class as goods and chattels, his land, or even his own body, was his only 
so long as he could retain it He might if he could and would take any such 
property from another entirely without impropriety , nor would he resist, or even 
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wish to resist, the taking fioni himself of my siirh property b> one \\ho 
could and would take it 

Again, the piimitive man must have been far less sensitive to pain, and fir 
less subject to fear, than the noimal civilised man I do not mean that the 
piimitive Fijian was without the ordinaiy animil shi inking from physical pain, 
but that he cannot have been nearly as sensitive even to physical pain as is the 
more sophisticated man , nor had he the same mental pain, the same anticipation 
and fear of pain, that the civilised man has 

Having thus dealt with some of the more important points in the character 
of the primitive Fijian, I propose next to consider how far these suffice to account 
for some of the more * savage * conditions under which these islanders when first 
seen were living 

Cannibalism claims the first mention, in that, though the practice has been 
recoided from many other parts of the world, it is commonly supposed to have 
been carried further in Fiji than elsewhere 

Here, however, it is at once necessary to point out that the outbreak of 
nnnibalism m Fiji in the first half of the last century was not due to any 
innate and depraved taste on the part of the Fijians, and that the practice to the 
degree and after the fashion of which the story books tell w as not natural to the 
Fijian, whether of Melanesian or Polynesian ^tock 

It IS probable, even perhaps certiin, that ill the Fiji isUnders occ isionallv ate 
human flesh before the coming of white men to the islands , but it was only aftei 
the aiiival of the new comeis that this practice, formeily only occasional and 
hardly moie than ceremonial, developed into the ibominable oigies of the fust 
half of the list tentury The fust Fuiopevns to sit foot — about 1800 — and to le 
mini in the islinds foi any time were the so called ‘ beachcombeis ’ At fust it 
It ist tlu so lenegades fiom civ ilisation, to secure their own piecaiious positior 
ind sifet> contiived to put themselvts nndei the patronage of some one oi othei 
of the gieit native chiefs, wlio would be Polvnesians, and assisted ind egged on 
these (liiefs in then then main occupation of fighting othei gieit iiv il fluffs, aKo 
Polvnesians, and raiding the less advintfd Melanesians of tne suiiounding dis 
tiifts The guns and ammunition whuh the be ichtombeis, in sonit cases at 
lei-it, biought with them oi managed to piocuie and the supeiioi ci ift wIulIi 
they had imbibed fiom civilisition, gieatlv assisted them in this immoial pur 
pose Consequently a habit of ciueltv new to the bijian, was implinted and 
developed, especially in the Polynesiin chiefs It became moie ind moie a 
f ishion foi the greitest native warriois thus egged on to vie with each other in 
the number of their victims and in the leckleas ciuelty with which these were 
killed Doubtless at first the victims vveie opponents killed in fight sometimes 
great iiv il chiefs and sometimes meie hoi jwUoi v\ho had been led out to fight 
probibly not veiy reluctantly for then chiefs Tiicidentallv moie ind moie 
])eople weie killed, and the bodies of the si nil weie conveniently disposed of in 
the ovens A taste for this food w is thus developed in the chiefs— though this 
seems foi i time at least to have been (onfined to the great chiefs most of those 
of lowei stitiis and all women refusing to paitake, at any rate till a 1 itei 
period Before long, when the number of the killed i in shoit, the deficiemv was 
made np by clubbing moie and more even of then own people till eventually the 
gicat nitivo waiTioi took piide in the meie number of those he had killed and 
eiten 

It seems probable tint even the coming of the missionaiies, who fiist reached 
Fi]i thiity or forty years after the eailiest beachcombeis, and at once began 
almost heroic efforts to stop cannibalism, thereby to some extent temporarilv even 
aggravated the evil For the chiefs, in their characteristic temper of gasconade 
killed and ate more and more unrestrainedly, in mockery of the missionaries and 
to show what fine fellows they thought themselves to be 

To retuin from this digiession into a somewhat distasteful subject, cannibalism 
as practised by the Fijians before the coming of white men was very different, 
and, from the Fijian point of view — if I may say so without fear of being mis 
understood — not altogether indefensible It must be lemembered that theie was, 
as it were, no killing in our sense of the word involved, merely a setting free 
from the non essential body of the essential soul, which soul survived just as well 
without the body as with it 
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Note tliat the soul must have been considered as in some way and for a 
time still associated with its late body if, as is commonly and perhaps lightly 
held, the slayer sometimes ate some part of the body of the slam in order to 
acquire some of the qualities of the slain 

Again, there can be little doubt that men were sometimes killed for sacrificial 
purposes, the material bodies of the victims being placed at some spot (perhaps 
the tomb) considered to be frequented by the disembodied spirit of some 
ancestor for whom it was desired to provide a spirit attendant It may be 
noted that this sacrificial use of the body might be combined with an eating 
of the same body when once it had served its first purpose of attributing the 
spirit which had been in it to the service of the honoured ancestor 

It has been laid to the chaige of the Fijians (as to that of many other folk 
of savage and even of civilised culture) that they habitually killed strangers, 
especially such as had been washed or drifted to the islands by the sea — who, 
in early times at least, must have been almost the only strangers to arrive 
The charge, like that of cannibalism, has been exaggerated, and the facts — 
as far as there were any — on which this charge was founded have been mis 
understood 

Here, again, the attitude of the Fijian in this respect was hardly different 
from that of the lower animals under similar circumstances The Fijian knew of 
no reason to be glad of the arrival of strangers, unless these could, in one way 
or another, be useful to him, and, as has already been explained, he knew 
of no reason why he should not make the best use possible of the stranger, of his 
body or his spirit, separately oi together 

While, as must have been the case in earlier times, the new comers were 
dark skinned men like himself, the Fijian might without the slightest prick of 
conscience sepaiate their bodies from their spirits, and dispose of the body oi 
the spiiit separately, or without effecting this separation, he might simply 
ensla\e the new comers, or, again, if he suspected that the new comeis were too 
strong for him, he might yield himself to them as a slave 

And later, when Europeans began to ariive sometimes as refugees fiom 
passing ships and sometimes as survivors from ships wrecked on the surrounding 
reefs, the bearing of the Fijian towards this new kind of stranger would ha\e 
been on the same principles, only that in this case the new comers, being of far 
less readily understood kind, would be regarded with more suspicion and also 
more respect I believe that very seldom, if ever, was an inoffensive white man, 
wrecked sailor or other, killed, or treated with anything but kindliness and 
courtesy, even though the wrecked man’s property might naturally be appro 
priated by the natives It was only when white skinned strangers became com 
moner, and fieqnenlly more offensive, and when familiarity had bred contempt 
that they were killed, as nuisances, and, especially during the great outbreak of 
cannibalism were eaten 

This point in the bearing of the islanders to white men might be further 
illustrated by a circumstance which, to my surprise, 1 have never found men 
tioned, 1 c , that during the whole period while the missionaries were, with a 
rashness only justified by the circumstances, testifying against the nati\es in 
Fill not one of these was killed, till at a much later period, when European 
influence was all but predominant in Fiji, Baker was killed and eaten under ^ery 
special circumstances 

If it were possible to ascertain m each case the facts as to the reception by 
* savages * of the first white men they saw, it would almost certainly be 
found that the reception was apparently kindly, though this kindness may 
really have been due to fear and not to charity It was, however, quite probable 
that at any moment the savage might find that his dread of the white man was 
unfounded, and in that case he might kill him (i c , separate his soul from his 
body) without hesitation, and after doing this his fear — he probably never had 
any affection for him — of the disembodied spirit of the white man might be as 
great, or even greater, than before 

Incidentally it may here be noted, as a further curious point, that a Fijian 
who thujB quite remorselessly set free the soul of a stranger from its body would 
probably not often and not for long in his dreams be revisited by his victim, 
if a native, and perhaps not even if the victim were a white man, unless very 
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romarkdble In othei woids, the victim suivivea only just so long as he is 
lemembered Captain Cook, we know, survived foi very long, perhaps does 
so still, few, if any, pt buch beachconibeis us weie latei killed in biji survived 
loi any length of time, and the innumerable natives who were drifted or washed 
to one 01 othei of the islands must for the most pait have passed from memory 
soon attei they weie killed 

It has been suggested that the killing of sti angers may have been foi the 
puipose of pi eventing the introduction of disease , and it is certain that, 
pci haps even before the coming of white men, the islaiideis recognised that the 
advent of strangers w is cuiiously often and most disastrously followed by the 
intioduction of new diseases, either leal diseases or at least some queer, unex 
pinned influence which has so often made life not worth living foi savages 
where white sti angers have been 

Ihe iMjians were hardly more notoiious for cannibalism than foi theft — and 
almost as undeservedly There is hardly an account of the visit of a European 
ship in eaily times to any of the islands which does not mention that the islanders 
who came aboaid took whatevei they fancied, either quite openly or if fuitively 
then without evincing anything like shame when discoveied This habit, which 
the explorei‘=« natuially called theft, was but the manifestation of a South Sea 
custom, due to the entiie absence of any idea of personal pioperty, which 
in Fiji is called ken ken To ken ken was to take whatever you wanted and 
could take without the pievious holdei of the propel ty preventing you In old 
days no Fijian doubted his own absolute right to ken ken, noi did he feel the 
veiy slightest shame in thus (as we should say) * depriving another of his 
pioperty’ oi ‘stealing ind even to this day the Fijian, piovided that he is 
not leally Euiopeaniscd, will ken ken without shime In short the idea of 
uwnciship and indnidual piopeitv nevei occunea to the natuial Injiaii He 
took v\hat he wanted, and was stioiig enough to take But, on the other hand, 
he yielded up practicallv without reluctance, whatever another strongei or 
clevciei than himself winted and was able to take from him 

Of the many other charges of ‘savageiy * made against Iijiaiis, I can, in the 
tunc at mv disposal, deal with but one moie, that as to then stiaiige and giue 
some habit of celebiating great occasions by killing then own folk When a 
Iijian (hief died, is v\e should say, or, as it seemed to the sinviving natives, 
when his soul left the body which it had foi a time used, his widows, and other 
of Ills kindled and dependents, unwilling to be left behind, weie stiangled, often 
indeed helped to sti ingle themsehes, that then bodies might be put into the 
graves, while then souls went gladly with that of the chief whom fcliey had been 
iccustomed to follow 

Again, when i chief built i house, some of his dependents, whom the great 
man told off foi the puipose, willingly stepped down into the holes which had 
been dug for the house posts, and remained there while the earth was filled in 
on to them, and continued thereafter as peimanent suppoiters of the house 

Again, there is a tradition, which at least was not incredible to the natives 
that a great chief one day went a fishing, and caught many fish Two 
brothers of humbler rank who happened to have come down to the same water 
side, also to fish, wore less successful The chief, in a characteristic freak of 
generosity, presented his best fish to the elder of the two brothers, who, strictly 
iccording to Fijiaii custom, accepted the gift, but felt bound to make an 
immediate letuin, but he had nothing to give Thereupon the youngei bi othei 
at his own suggestion, was clubbed by the eldei, and his body presented to the 
chief in token that his soul would theieatter scive that chief 

It IS even said that when yams and othei vegetables weie brought in as 
food for the chiefs by the dependents who had giown them for that purpose, 
the food bearers if there was a scarcity of fi<^h oi other ^uiitable accompaniment 
for the vegetable diet, were themselves dubbed ind their bodies eaten This 
paiticular atrocity piobably happened only after the habit of cannibalism had, 
as already explained, been unnaturally intensified But the story is note 
woithy ill that the foodbeaieis ale not lepiesented as in any way dicading or 
shirking the use to which their bodies weie put 

In all the<«e and similar cases it is to be noted tint the vutinis (as we aie 
natuially inclined to call them) weie moie oi less indiffeient, if indeed they 
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weie not edgeilv couheiitmg parties, to the use (ciuel as it seems to us) nude 
of their mateiidl bodies Thus the widows weie eager to be strangled, and 
often even helped to do the deed, in oidei that they — all that was essential of 
them, t e , their souls — ^should rejoin the deceased Similaily those otheis who 
were killed on the occasion of the funeial weie quite willing to give their 
bodies, which seemed of comparatively little impoitance as ‘grass * to be added 
> to the cut fern and other soft material on which the body of the deceased chief 
was couched in the grave, and quite willingly the men told off foi that puipose 
stepped down into the holes in which the house posts were grounded, that they, 
or rather their bodies, might theieafter hold up the house, while their souls 
enjoyed life much as befoie but without the encumbrance of the body Others 
again contentedly grew faro for the chiefs to eat, and cairied it in when ripe, 
thinking it of little importance that then mere bodies might be eaten with the 
taro 

In conclusion, having ondcavouicd to lealise foi mv&elf, and to show you a 
glimpse, of the enormous, hardly lonceivable diifei euce in habit of thought, and 
consequently in chaiactei, which separites the savage lioin the civilised man, 
I vmII offei a suggestion which seems to me possibly the most impoitant outcome 
of my peisonal expeiieuce, now closed, as an anthiopological admmistiatoi iii 
tiopical places where Eisteru and Wcbtein folk hive met, and wlicie the 
inevitable clash between the two has occuiied 

In such places and c ii ( umstanc es the lesult has too often been that soonci 
01 later the weakei folk — those whose aiicestois have been igt long ‘savages’ — 
ha\e died out in the presence of those whose aiicestois long igo turned fiom 
‘savagely* to civilisation This dying out of the weakei folk has happened even 
when the stiongei people have done then best to avoid this extirpation 

The real ultimate cause of ‘the decrease of natives* when in contact with 
civilised folk lies, peihaps, in the difteience in heieditary mentality — in the in 
capacity of the * savage ’ to take on civilisation quickly enough However 
sedulously the missionary, the Government official, ind others who take a real 
interest in so doing, may teach civilised precepts to the essential savage, the 
subject of this sedulous case — however advanced a savage cultuie he mav have 
attained — will, at least for many generations, remain a savage, e e , for just so 
long as he is under influence of the civilised teacher he may act on the utterly 
strange precepts taught him, but away from that influence he will act on his 
own hereditary instincts 

The manner in which the native dies out -even when well looked aftei — 
vanes He may be killed out by some disease perhaps trifling but new to him, 
with which he does not know how to cope, and with which— if he can ivoid so 
doing — he simply will ncjt cope in the ways which the civilised man would teai b 
him, or he may be killed out by the well meant but injudicious enforcement on 
him of some system of unaccustomed labour, or, igain, he miv die out because 
deprived of his former occupations {e q , fighting and the gathering of just so 
much food as sufficed for him) and thus lestiicted to a merely vegetative exist 
ence, or in many other more or less similar fox ms his extermination may come 
about 

But all such effective causes are reducible to one, which is that he is not 
allowed to act on his own hereditary instincts, that he cannot at all times 
have, and often would not use, judicious and disinterested guidance from civilised 
folk, and that consequently he, the ‘ savage,* cannot and too often does not 
care to keep alive when in the presence of civilised folk 


Melbourne 
F BID AY, AVGVST 14 
The following Papers were read — 

1 T/ie Origin and Spread of certain Customs and Inventions 
By Professor G Elliot Smith, M A , M D , F R S 

After dealing with the evidence from the lesembkinccs in the physic il chauic 
teiistics of widely separated populations — ^such, for instance, as ceitain of the 
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imient inhabitantq of Western Ami on the one hind and ceitiin Pohnesians 
on the other— suggesting far reaching prehistoiic migrations, the distribution 
of certain peculiarly distinctive practices, such' as mummification and the build 
ing of megalithic monuments, is made use of to tonfirm the leilitv of such 
w inderings of peoples, the anthoi said — 

‘ 1 ha\e already (at the Poitsmouth, Dundee, and Birmingham meetings) dealt 
with the problem as it affects the Mediterranean littoral and Western Europe 
On the present occasion I propose to direct attention mainly to the question of 
the spiead of culture from the centres of the ancient civilisations along the 
Southern Asiatic coast and from there out into the Pacific Fiom the exaniina 
tion of the evidence supplied by megalithic monuments and distinctive burial 
customs, studied in the light of the historical information relating to the influence 
exerted by Aiabii and India in the Far East, one can argue by analogy as to 
the nature of migrations in the even more remote past to expliin the distribution 
of the eailiest peoples dwelling on the shores of the Pacific 

‘ Practices such as mummification and megalith building piesent so many 
peculiar and distinctive features that no hypothesis of independent evolution can 
seiioiisly be entertained in explination ot their geographical distribution 
Ihe^ must bt regaided is eMderue ot the dilfiision of inform ition, and the 
migiations of beaiers of it, fiom somewheie in the neighbouihood ot the F isteni 
Mediteiianean step hy step out into PoUnesii md e\en peilnps be'vond the 
Pi(ifi( to the Ameiicni littoril ’ 


2 lliP Short Cisl^ of the Noilh Kast of S(oll(i}i(l 
By ATiPXANDrB Low, M 1 , ^f 7) 

The Shoit Cists of the Noith Fist of Scotland iie single interments found 
mostly without any overground stiuctuie to indii ite then site Ihe dsts iie 
built of iiregulaily sh iped flat stones set on edge, and loofed ovei b> one laige 
flat coveiing stone The inteinal dimensions v iij, but an uerage list meisuies 
thiee feet long by two feet wide ind one toot oix inches deep Ihero is no 
eNidence of the cists being oriented in an^ paiticulai diiection In the cists 
ex imined buiial was by inhumition Theie is eMdence to show that, while 
buiial by inhumation was the eailier piactice, inhumation and incineiation weie 
nirtly contempoianeous , and this is borne out by one cist, in which along with a 
buiial by inhumation were found calcined human bones 

Besides the skeletal remains theie weie associated with the inteiments clay 
uins, flint SCI ipers, flint aiiowheads, but no tiace of metil The urns were 
all of the ‘ beakei ’ type, except in one instance, where the urn was of the ‘ food 
vessel ’ type 

We have made a detiiled examination of a senes of fifteen somewhat complete 
short cist skeletons preserved in the Anatomy Department of the University of 
Aberdeen The skull form is veiy uniform in its chaiacters A skull, fiom a 
shoit cist recovered at Parkhill, Aberdeenshire, may be taken as representative 
of the type The skull is that of a male, sutures partly closed, frontal and 
parietal eminences well de\eloped, cubic capacity 1,450 (of muotard seed), hori 
/ontiil ciicumferencp 524, glabello occipital length 135, minimum frontal diameter 
102, interzygomatic breadth 142, iiasio alveolai length 64, nasal height 48, nasal 
width 23, orbital width 11, oibital height 33 With a length breadth index of 
85, the measurements aio those of a brichycephalic skull with low broad face, 
microseme and almost mesorhine The noima hitfiah^ sliows an orthognathous 
face with well formed chin, depres-ied nasion, well maiked superciliary ridges, 
frontal arc ascending with a uniform steep cur\p to biegma, behind this theie is 
flattening and then the postero parietal passes dow n sharply to the lambda and 
IS associated with occipital flattening 

Altogethei the series of skeletal remaine gives e\idence of a people of some 
what under medium stature, well built and athletic, with very bioad skulls, low 
straight faces, narrow orbits and somewhat broadish noses 

As to the affinities of these short cist builders, the characters of their 
skeletons are very similar to those of the broad headed Alpine race that occupied 
Central Euiope about the end of the Stone Age and w'hich are supposed to be 
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descendants of the Palspolithic broad headed Qrenille race^ m fact, the short 
cist skull appioximates closely to the Grenille type of skull The ceiamic found 
in the interments suppoits this \iew, for the Hon John Abercromby has demon 
strated that the * beaker ’ type of sepulchral urn is the oldest Bionze Age ceiamit, 
and that it is an imported type having its centre of dispersion in Central Europe 
at the end of the Stone Age 

3 The Stone Implements of the Australian Aborigine the Types and 
their Occurrence By A S Kenyon and D J Mahony 

(1) Distnhutton — Implements are found all over the land surface, mainly 
at ‘camps/ but fortuitously more or less everywhere ‘ Camps ’ — which embrace 
kitchen middens, over mounds, myrniong heaps, cave shelters, &c — are of several 
classes The first and most important comprises those which may practically 
be termed permanent near unfailing water and reliable food supply Others 
are, in a varying degree, of a temporary nature These differences are reflected 
in the implements found at them Tempoiaiy occupation, with surioimdings 
calling for little or no use of stone implements, produces ‘ camps * like those 
on the Coorong Ocean Beach, South Australia, wliere there is no local stone 
or timber, and the food supply is limited to the mollusc, Donnx sp Theie 
are there thousands of acres of camp exposed, masses of T)onax shells without, 
on the whole surface, more than a dozen shapeless fragments of flint nothing 
else to show man’s presence The stone remains to be found at camps ringe 
from such rudimentary, almost unrecognisable, implements to series embracing 
every class to the highest, varying with the distiict and its available supplies 
of stone and with the situation 

(2) Period — The whole of the implements dealt with are of recent age, and 
were fashioned by the race still existing They occur on the surface or nearly 
so in positions where rapid accumulation is still in progress No separation 
into layers of varying degrees of workmanship has yet been observed, while a 
mixture of all types is found on top of formations whose age cannot exceed 
a few hundred veais Certainly some stone occurrences winch miy imply 
antiquity have been reported, but they are not dealt with here 

(3) Material — Ihe material used varies with requirements and accessibilitv 
but for cutting implements it may be readily divided into two classes, brittle 
and hard stone, such as flints, quartzites, cherts, &c , and the tougher but softei 
diabasic, metamorphic, and like rocks Barter is almost wholly confined to the 
latter class, and in it to the better sorts The brittle stones produce implements 
of palaeolithic, and lower, types, the tough stones mainly those of a neolithic 
character 

(4) Type — There is no doubt that the class of stone available governs the 
degree of finish and method of manipulation, with use and opportunity playing 
a secondary pait At Portland, wheie flints abound along the coast line and 
no other suitable stones occur, the implements of flint, forming the great 
majority, are of a marked palaeolithic tjpe, most, if not all, of the tvpes so 
classed in Europe being obtainable Were these the only indications, it might 
be claimed that a race but little higher than the Tasmanian had existed on the 
mainland On the Upper Goulburn River, where there are no flints and no 
quartzitic rocks of a tractable nature, a completely distinct group of implements 
18 met with The river pebbles, flattened ovals in foim, aie made implements 
by simply chipping around one edge In the remote interior of the Mallee Scrub 
where good brittle stone is obtainable only from great distances, each fraigment 
IS used and re used until a complete series of minute implements of ‘ pygmy * 
type is found Even with such crude and cumbersome implements as stone mills, 
the same law holds In proximity to suitable sandstone, large loughly broken 
masses of stone aie used, while at a distance the smallei quarried types prevail 

(5) Classification — The first requirement is one system capable of including 
all forms, from the most primitive eolithic to a well differentiated and fashioned 
neolithic implement No existing European or American system is applicable, 
as all postulate a relationship between the workmanship and the cultural stage of 
the artificer this is not iu‘^tified by Australian evidence Consequently the 
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claBSliication adopted is that of Kenyon and Stilling (Royal Society of Victoria, 
vol xiii 11 s 1901), with such modifications as later discoveries have rendered 
necessary This system is founded primaiily on use, though form has to be 
lelied upon in instances where use is meiely conjectural 

(6) Co7iclusion — ^In Australia at least the type of implement prevailing is no 
reliable index to the type of man who fashioned it, or to his stage of culture, 
01 to his peiiod of existence But foi the undeniable evidence as to the con 
temporary natuic of the various camps, the conclusion would be justified that 
they aio the remains of former inhabitants of neolithic, p ildBolithic, and, to 
coin a teim, protolithic ages 


TUESDAY, AUaUi^r 18 
The folio wing Bipcis weie lead — 

J Sohie Eilensionb of Eutlif hlonu itje Cultuie 
By 11 Bvliour, M A 

2 Hctent Excavation of a Palceolithio Cave in Jeibcy 

By 11 R M A , D Sc 

Duiiug the past thicc yeaib fruitful cxploiation of the cave known as La 
Lotte de 8t Bielade, on the south coast of Jeise^, has taken place, and the 
lesultb wcie laid by me bcfoie the Biitioh Association at the Portsmouth, 
Dundee, and Birmingham Meetings This yen foi the first time the Biitish 
Associitioii his taken an active shaie in the woik by making a grant of 50^ , and 
il>pointing i Committee of coiitiol This latest ehaptei in the history of the 
t\civ ition rniy faiily cliini to hive bioken all pievious lecoids 

ilitheito the Mousteriin flooi had been cleared only along the v^C'^t Mde of the 
i ivc, vvhcie about twenty five feet of supeiincumbent debris hid to be lemoved 
It was now lesolved to cany the tlcaiiiig across the mouth to the east side, 
though this involved the demolition of an oveilying mass of no less than foity 
feet, weighing ippioxiniritcly i ton to cveiy squiic toot of tlooi exposed ( on 
sidciable iisk from falling stones hid to be faced, but only one ictidcnt 
occuiied, and that foitunitcly not vtiy sciious 

As the eist limit w is ippioathed, the floox of iniicnt oLLUpition iinieised in 
thickness, so that iieai the w ill, which was found to be undeicut by a con 
siderable civity forming a soit of side chanibci, is much as twelve feet of health 
deposits, uch in bones and implements, weie encounteied 

Among the bones a rough pieliminaiy suivey leveals the piescnce of mam 
moth, woolly ihiiioceios, the gieat Tush elk, remdeei, led deei, loe deei, wild 
ox, wild horse, wild goat, cave hyaena, fox, aictic lemming, and a species of 
giouse We have here, then, a thoroughly representative pleistocene fauna of the 
cold, 01 tundra, type 

The number of implements obtained may be gathered fiom the fact that they 
exceeded three cwt in sheer weight It will take months of study to do justice 
to the wealth of t>pes which they embody As fai as can be made out at 
present, the Mousteiian facies prevails throughout, though it remains to be 
seen whether it will prove possible to differentiate in legaid to style of workman 
ship the products of the various levels of the floor In the meantime it may 
be pointed out that the characteristio * point * was found at all levels , though 
one of these, gathered at the lowest level, was woiked on both sides, thus 
suggesting the technique of an earlier period Among the smaller implements a 
certain number appeared to be notched towards the base, as if they had once 
been provided with a handle or shaft There was a great variety of hammer 
stones, mostly of granite, and of split pebbles, mostly of diabase, some of which 
had clearly been used as polishers Altogether, this site is so rich that it may 
well come to be tieated as the locua tla^^nicus for the determination of the leading 
foinis of the Mousteiian cultuie, moie especially as, to judge from the thickness 
of the implementiferous bed, and the occuiience of double patmation upon 
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ceitain implements, the occupatiuii must ha\e extended over an immense peiiod 
of time 

There is still a great deal of work to be done on this site, and, what is more, 
it promises to be immediately fruitful on both sides of the recent cutting It 
IS to be hoped that the British Association will not hesitate to provide a fiesh 
grant, and thus identify itself still further with discoveiies that cannot fail to 
make for the advancement ot archaeological science 


3 The Brain of Primitive Man By Piofebsoi G Ellioi Smhii, F R S 


4 On the Relalionb of the Inner Suiface of the Cranial Wall lo the 
Brain, with special reference to the Reconstruction of the Brain from 
Cranial Casts By Piolt-sboi J S\mingion, M D , F R S 

Ihib paper contained the results of a senes of obsei vatioiis on the lelitioiis of 
the brain" and skull with the object of ascertaining the extent to uhioh casts of 
the cianial cavity enible us to estimate the foim ot the bi iin and especially the 
position of the ceiebral fissuics iiid the degree of development of the ceiebial 
convolutions As is A^ell known to anatomists, the bony wall of the cianium is 
sepaiated from the biaiii by thiee mcmbianes called the din i mitci, the aiach 
noid, and the pia m itei As a rule these membranes aie thin, but in certain 
situations they may be thickened, or separated tiom one another , thus, meningeal 
vessels lamify on the outei suifate of the dura miter, and certain venous 
channels, some of considerable size, aio situated in the duia mitci, while be 
tween the arachnoid and the pia matei is the cerebrospinal fluid, and the laigcr 
cerebral vessels he in the subarachnoid space and the smaller ones in the pia 
mater 

In a series of specimens in which the brain had been carefully hardened 
in situ the craniil cavity was opened and the brain divided in a hoiizontil, 
transverse vertical, or median direction Plaster of Pans or gelatine casts were 
taken of part of the cranial cavity, first with the dura mater in situ and secondly 
after removal of this membrane Moulds weie also made of the put of the 
brain which occupied the portion of the (iiniil cavity from which casts had 
been taken These moulds of the biaiii weie made with the arachnoid and pii 
matei in position and also aftci their removal, and from them casts weie pie 
jraied One complete set of such casts consisted of (1) the inner surface ot the 
bony wall of the skull, (2) the innei surface of the duia matei, (1) the outci 
surface of the arachnoid, and (4) the outer surface of the biain 

In thirteen rdult subjects the vault of the skull and its contents, ind in two 
the parts behind the foramen magnum, were examined, and in thiee the head 
was di\ided iii the median pliiie and the lateral h lives cast With the aid of 
this material not only could the form of the brain and of the cranial ci\ity be 
compared, but the structures to which were due any differences between them 
could easily be demonstrated 

The results of this investigation showed thit only the general form and size 
of the brain and the position of but few ot its fissui-es and convolutions could be 
ascertained from the bony cranial casts, and that the simplicity or complexity of 
the cerebral convolutions could not be inferred from the feeble or marked 
development of the digital impressions on the innei surface of the cranial wall 
These observations tend to thiow grave doubts on the reliability of certain state 
ments with reference to the peculiarities of the Piltdown brain based upon casts 
of the Piltdown cranium 


5 Bon Exorcism, Fortune telling, and Iniocation 
By Ma]or A J N Tremearne, M A , LL M 

A woman m Tunis had been ill for seven months, her body so lax that she 
could do nothing After four and a half months she had given one franc, to be 
wrapped in a handkerchief and hung in the bon temple as an offering to Kuri 
She got a Uttle better, and at the end of the seventh month gave a dance Hei 
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illness wis tiAiisfeired to two fowls, wliicli were then killed, and vaiious bon 
came and entered the dancers The patient was so much benefited that she was 
able to dance herself by midnight, and was walking about next day 

The godtya (* mare ’) having become affected by the inhalation of incense 
gave oracles and answeied the questions asked Several spirits mounted During 
the inhalation the priestesses rubbed the ground, and during the possession of 
the godly a they knelt and received albaraka An incantation was sung to each 
spiiit on ariival by a special songstress 

When a person is going on a journey, fow]» may be sacufued after an invoca 
tion to the bon, and the blood flowing j^tween the traveller’s legs brings the bon, 
who give then albnrala By the manner m which the blood flows and by its 
appeal mce the success of the venture may be foietold 


() ( ullLue and Dcgonanlion Bif Pjolcssoi V \o\ JjUsciian 


]\ ihausr vj 

Ihe following Pipeis weic leid — 

I /s AuslraJuni Culliuo ^S^nll)le oi Coinph i ^ 

By Di W J[ K Dim us, F B S 

Ihe question whethei Austi 'iliaii cultuie is simple oi ioniple\ is one of 
gieat -tlnoretn al inipoitiine It this (iiltnic does not lepiesent a stage in, 
01 an offshoot tioin, a diuct liiu of social dt velopnient, but is the lesiilt 
ot the fusion of i iiumbci of elements whuli leached Austialii it long 

Intel vals, the fust step towaids any sound knowledge must be the analysis 
of this cultiiic If such featmes of Austiiliin cultuie as its totcmisrn, its 
belief in the icincai nation of the deid, and its piactices of mutilation aio 
not indei>endent developments, but the lesults ot influences brought to Austialia 
fiom elsewheie, peihaps in relitively lecent times and by people whose culture 
was of a highei older than that now found in Austialia, the foundation on 
which many recent anthiopological speculations have been leiied is swept away 

III < oii'-ideiing this question, the first point to be noted is that it is 

impossible to decide whether any cultuie is simple oi complex by a study 
of that cultuie alone It is only bv conipaiisoii with neighbouring and allied 
cultures that the problem can be settled Ihe fiist question, theicfoie, which 
must be asked is whether any cultuie allied to that of Australia exists in its 
neighbouihood, and theie can be no question that Melanesia possesses such a 
cultuie Supeificially the two are veiy diffeient, but the moie one studies 
those aspects of cultuie which do not lie on the suiface, such as social 
stiiutuie and leligion, the iiioie appaient does the close i elation between 

the two become The complexity of Melanesian cultuie is evident, and the 

1 esults of an attempt i to analyse this complexity leave little doubt that some 
of the elements which lesemble those of Australia most closely have been 
brought fiom elsewheie or have aiisen out of the interaction between the 
indigenous and immigrant peoples 

Furthei, it is almost, if not quite, certain that the cultuies which have 
leached Melanesia from without have come from the west, the immediate centie 
of dispersion having been the Malay Archipelago, and it is evident that the 
same influences have reached the remotest parts of Polynesia, as well as 
Madagascar It seems hardly possible that migrant peoples setting out 
from the Malay Archipelago and reaching such remote islands as Hawaii, 
Easter Island, New Zealand, New Caledonia, and Madagascar, can have 
tailed to reach and influence a vast continent which lies quite near their 
home It is piobable that the main path of movements eastward from Malaysia 
lies noith of New Guinea, and Australia might thus have escaped, but even if 
it be conceded that all the movements so passed, and this is most unlikely, the 

‘ Riveis, History of Mclanc'^ian Sotietijy Cambridge, 1914 
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advocates of unity would be in no bettei case, for it is ceitain that the 
migrants tuined the south eastern comer of New Guinea and passed west 
waids Culture-movements which passed in this direction as fai as the Fly 
Elver of New Guinea are not likely to have escaped Australia 

It IS a most important point that these migrants must have been seafaieis 
and would have reached Australia by sea Seifaiers so enterpiising thit they 
leached Easter Island and Madagascar are not likely to have been content 
to invade Australia at one point, they would have coasted far in seaich 
ot favourable settling places One reason why so many students have been 
blind to the possibility of external influence in Australia is that they hive 
pictured the process as the sweeping of an invading host across the continent 
The history of Australian cultuie and its present nature become far easiei 
to understand if there has been a gradual infiltiation of seifaiing peoples, 
starting from many points on the coast, if immigrants, few in numbci, fiist 
formed small settlements on the coast and passed on then cultuie to the 
interior of the continent by giadual secondary movements * 

One difficulty which confronts this view is the apparently piimitive cliii ic 
ter of ^ the seafaiing vessels of Australia The view I put foiwaid cm only 
stand if theie has taken place in this legion that degeneiation and even loss 
of so useful an object as the canoe of which we have definite evidem e in 
Melanesia and Polynesia ^ 

The complexity of Australian culture will only be established when the 
f lets of Melanesian, Papuan, and Australian culture have been fitted into i 
common scheme, and I may consider heie one feature of culture to illusti lU 
the kind of process by which this object may be attained The an ilv^i‘' of 
Melinesiati cultuie has shown ^ that ceitain miin varieties ot the modes ot 
ti eating the bodies of the dead can be iscribed to immigi int peoples This 
asdiption rests pirtly on the distribution of these modes ot disposil, piitly 
on the association of these modes with other elements of cultuu , partly on 
the use of different modes by chiefs and commoners The cliuf modes of 
disposal of the dead which occur in Melanesia aie also found in Australia 
In oidei to prove that the two sets of customs hive had a common oiigin, it 
^Mll be necessary to show that the Austialian modes of ti citing the deni 
aie associated with those elements of cultuie with which they occui in 
Melanesia 

The object of this intioduction is to state a pioblcm md to j)ut foiwnd 
ceitain facts and piinciples which must be taken into account in ittcmptnig 
its solution The history of Austidian culture cm only be Icaint by i study 
of the distiibution of its elements of cultuie in winch fai inoic ittcntion 
IS pud to the details of social stiuctuie and leligious pi ictice th m has hithcito 
been given by advocates of Austialian complexity 


Sydney 

llilDiY, iUGUhr 21 

After the Piesideiit hid dclivcied his Addiess (see p 51o) the following 
Papers were read — 

1 The Roman Advance into South liahf By Thomas Ashby, D Lilt 

One of the greatest factors in the Eoman conquest of Italy and of the Roman 
world was the excellence of the system of military roads which she constructed 
The earliest beginnings of this system may be tiaced in the immediate neighbour 
hood of Rome itself, from which roads radiated in all directions As the Roman 
power increased the military highways were pushed forward, each impoitant 

* See Essays and Studies presented to William Uidijeioinj, Cambiidgc, 1913, 

p 479 

^ Fest^krift t Edvard WtHcrmauK Holsiiigfois, 1912, p 109 
^History of Melanuian Society 
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advance into hostile country being secured by the plantation of a Roman or Latin 
colony (% e , the construction of a fortress, peopled by soldiers) and united by a 
road to the base The study of the Roman road system is thus veiy important 
from an historical and a military point of view An account was given m 191 3 
at the Birmingham Meeting of researches along the Via Appia and the Via 
Traiana, and in continuance of it the remainder of the roid system of South 
Italy IS now desciibed, as the result of actual exploration on the spot, the 
line of the ancient roads being traced and followed as far as po«»sil>le — an (iitei 
prise not ilways by any me.ans easy 

2 Prphminaiif Communicalion on an Amtmlinn Cranium oj prohahlo 
Vlcisloiene Age Bg Professors T \\ EnorwoRTFi Dxaii), 
C M a , F R S , and J T Wilson, I R S 

Professor T W Edgeworth David stated that the skull exhibited belonged to 
Mr E C Crawford, of Greenthorpe, New South Wales, who obt lined it fiom 
a stockman, who found it in the bed of Talgai Creek, near Clifton, on the 
Darling Downs of Queensland It appears to have been washed out of the 
black soils of the Darling Downs A few miles from the spot where the skull 
was picked up bones of many types of extinct mammalia of Pleistocene Age 
have been discovered, and as the present skull is in at least is advanced a stige 
of fossilisation as the bones of Diprotorlon, Nofotlierium, etc , in adjacent 
legions it may piovisionally be assumed that this human skull is also of Pleisto 
(cne Age Ihe distortion caused by steady piessure due to the weight of an 
oiiginal thick overburden of clay is in harmony with the evident e is to the 
high intiquity of the skull 

While theie is a strong probibility of this fossil skull being of Pleistocene 
Age, peril ips early Pleistocene, its exact ige obviously cannot be deteimined 
until further evidence can be adduced which m ly directly connet t it with tlio 
mimmaliin bonebeaiing clays of the Daihng Downs Ceitiinlv it is f ii oldei 
than any iborigin il skulls that have ever been obtained in Anstiilisn, and it 
pioves tbit in Austnln man attuned to geological antiquiU 
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The following Pipeis weie then read 

1 Crionlorracy and Mariiaqo in Amtralin 
By Di W 1] R Eivrns, F R S 

( eitam peculiar forms of mairiage which occur in Melanesia, siidi ns 
m image with the gr inddaughtei of the brother, with the wife of the niotlui s 
brothel, and with the wife of the fither’s tathei, aie capable of explinition 
as the result of a state of dominance of the old men, which allowed them to 
monopolise all the young women of the community ^ Since Austiilii fmnishes 
m eximple of a gerontociacy in which the old men are known to monopolise 
the young women, we should expect to find the^e peculiii maiiiiges in 
Australia Until now, however, only one has been recorded, the Dieri marrying 
the granddaughter of the bi other, ^ but Baldwin Spencer has recently recoided 
otheis m the Northern Territory * Wives are transferred to the sisters* sons 
(as well as to the sons) in the Kakadu tribe, while nearly all the systems of 
lelationship collected in the Northern Terntor} show the presence of marriage 
with the wife of the fathei’s fathei, sometimes combined, as in ^lelanesia with 

* Rivers, History of Melanesian Society Cambridge, 1914 

* Howitt, Native Tribes of South East Australia, pp 164, 177 

* WaUve Tribes of the Northern Territory of Austrahn 1914 
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the cross con«?in muria^p All the foims of nn.riiige \vhi(h wnuhl he the 
iiatuial result of monopolv of the youn^ A\omen by the ohi men aie thus now 
known to accompany the geiontooney of Austialn 

2 Variehes of Tolemnm tn Au^lraha By A Ti Brown 

For the purposes of this paper totemism is defined as a special magico religious 
relation between an individual or a social group, on the one hand, and a class 
of natural objects, generally a species of animal oi plant, on the other 

Considering first of all the nature of the totemic group we can distinguish the 
following different kinds of totemism in Australia — 

(1) Clan totemism with jemale descent The totemic group is a body of rela 
tives who form a clan Every child belongs to the same totemic group as his 
mother This form of totemism is found in many tribes in the eastern part of 
Australia, such as the Kamilaroi 

(2) Clan totemism with male descent The totemic group is a body of rela 
tives ' A child belongs to the same group as his father This form of totemism 
seems to exist in widely scattered legions of Australii, foi example, in the 
Kariera tribe of Western Australia, in some of the tubes of the Northern 
Territory, in the Narmyeri tube of South Australia, and perhaps in some tribes 
of Victoria and the southern part of New South Wales 

(3) Local group totemism The totemic group is a body of persons living in 
the same place and collectively owning and occupying a definite portion of the 
tribal territory The group is not a clan and is not exogamous A child belongs 
to the same local and totemic group as his father This form of totemism is 
found in the Burduna tribe of Western Austialn, and in a numbei of neighbour 
mg tribes 

(4) Cult society totemism The totemic group is a body of peisons who are 
all qualified to take part in a certain cult The best known example of such 
totemism is that found in the Aranda tribe of Central Australia 

(5) Totemism of the dual division The tribe is divided into two parts or 
moieties, and each part is associated with some species of natural object, as 
eaglehawk and crow in some tribes 

(6) Totemism of relationship divisions The totemic groups are the four 
sections or the eight sub sections into which the tribe is divided by the system 
of relationship One variety of this form of totemism is found in the Pita pita 
and other tribes of Western Queensland Another varietv is found in the 
Mungarai and Punaba and other tribes of the Northern Territory and Western 
Australia A third variety is found in the tribes at the head of the Gascoyne 
and Ashburton Rivers in Western Australia 

(7) Sex totemism The tribe is divided into two parts, males and females, 
all the males having a special relation to one species of bird or plant, while all the 
females have a similar relation to a different species 

(8) Personal totemism The individual has a special and purely personal 
relation to some one or more species of natural objects In the best known form, 
that of the Yualai tribe of New South Wales, only medicine men and women 
with special magical powers have personal totems 

Considering now the nature of the relation between the group or the person 
and its or his totem, we may distinguish three mam kinds of totemism according 
as we find (1) a definite positive ritual associated with the totem, (2) a negative 
ritual, or (3) no organised ritual at all 

Two mam types of positive ritual have so far been described One of these T 
propose to speak of as the Talu cult, from the name of the ceremonies m a 
number of tribes of Western Australia Each totem has a special spot sacred to 
it, which we may call the ‘totem centre * At this spot members of the totemic 
group perform ceremonies that are believed to result in an increase m the 
numbers of the totpmic species A totemic cult of this type is found over a 
large part of Western Australia, over a part of the Northern Territory, and in 
South Australia m the Arabana and Dieri tribes It is found associated with 
clan totemism with male descent, with local group totemism, and with cult 
society totemism 

Another type of totemic cult I propose to speak of by the name Thuthu, by 
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v^lllLh it 18 known in the Waiamunga tube The ccicmonies of this cult are not 
localised, but may be perfoimed anywhere Each ceremony consists of a repre 
mentation of the totemu ancestors of the gioup and ot some of their actions This 
cult has so fai only been recorded from the Noithein Territory and South 
Austiilii It exists side by side with the lalu cult in the Aranda tribe, and 
also in the Waramunga tribe, where, it would seem, the lalu cult is unknown 
Theie are hints of the former existence of a cult perhaps similar to the 
lliutlm cult in some of the tribes of New South Wales, as, for instance, the 
Y ualai 

As icgaids negative iitual this usuilly takes the form of a prohibition against 
killing 01 citing the totem Jn the Aianda tube a man may not eat his own 
totem, / € the totem ol the cult society to which he belongs, except on certain 
iitual occ isions In Western Austrilii, in the tubes with clan totcmisin and 
lot il group totcinism (Kariei i ind Buiduiia) i man may fieely kill and cit his 
oun totem Jn the tubes of the east of Austi ilii with toteinic claiio, with femah 
descent the geneial lule would seem to be that a man may cat his own totem, but 
he must lespect it hoi instance, lie would only cit it if thcic wne nothing 
elst and ho was hungiy, and he would expiess souow at having to eat it 

In Wcstcni Queenslind a membci ot a relationship section may not eat any 
ot tJie animals th it no tlie totems of his section, though he may cat those 
belonging to the section of his fathei oi his mothci oi his wife In the Yualai 
tiibi i man may not cat his own pcisonal totem 

In tlie case ot sex totemism tlicic is a soit of leveised negative iitual A 
worn in may not kill the totem of the men, oi the men will be angiy, and 

H(f If rni 

In the case of the totems of the duil division it would seem that in general 
tlieie IS no iitual, |ositne oi negatne 

laking these distinctions as the basis of i ( 1 1'^sihcation we may consider 
biiefly a few ot the types of totemic oi ganisatioii about which we have most 
inf 01 Illation 

ktinera Type- ToUniic claiia with male desicnt It^nh clan has a number 
of totems (multiple totenia) Cult of the lalu type No piohibition against 
kiUing 01 eating the totem 

Buuluna Type — ^Local gioup toUinism Eadi loi il gioup his one oi moie 
totems C’ult of the lalu type No piohibition agiinst killing and eating Uie 
totem Ihc local giouj/S aie united into intei tubal totemic divisions, all groups 
h iMiig the sime totem being included in the same division 

Pvnaha or Munqarai Type — Each of the eight sub sections into which the 
tube is divided his one oi moie totems 

inuld Typ( — Totemic clans with mile desunt Totemic cult of the lalu 
type \ man may not eat his own totem, and m ly only eat sparingly of his 
mothei’s totem 

Waramunqa Type — Totemic elms with male descent 1 huthu cult, but no 
Till! cult A man may not eat his own totem 

iranda Type — Totemism of cult societies membeiship of the totemic gioup 
being deteimnied by the locality near which the individual was conceived by his 
mothei Cult of the Talu tvpe A man may not eat his totem 

Pita pita Type — EacJi of the foui sections of the tube has a number of 
totems No positive cult recoided A mui may not eat his own totem 

Yualai Type — Clan totemism witli female descent Each clan has one chief 
totem and a number of subsidiary toteiiie Piobably theie is a cult of the 
Thuthu type A person may eat his clan totem Personal totems of men and 
women with magical poweis \ peison miy not eit his peisonal totem 

Dieri Type — Clan totemism with female descent No cult of these totems 
(madu) recorded Also clan totemism with mile descent, in connection with 
which there aie ceiemonies of the Talu type 


3 Some Nature Myths ftoni Samoa By Hev Glorge Brown, D D 

As legards the manner in which these myths were collected, it was stated 
that they were written about fifty yeais ago by a Samoan poet, in lus own hand 
wilting and without any communication with white men 
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llic iiiylhb selected weie those dealing 'vsith the war between buds iiid fishes 
Thebe weie supplemented by the native account of the Palolo (Palolo vindt^)^ 
showing the way in which the Samoans calculate the time when that annelid 
appears The paper was intended to show the development of the mind of men, 
in primitive conditions of life, from ‘ammatism’ to ‘animism,’ and onwards 
again to ‘natural science,’ after many years of close observation of natuial 
phenomena 


4 'Ihe Ancient Inhabitants of Egypt and the Sudan By Piotesboi 
G Ellioi Smith, M A , M D , F E S 

This communication dealt with new material bearing upon the lacial ehaiac 
teiistics of two groups of the earliest people, the most northern and the most 
southern, whose remains have yet come to light in the Nile Valley — (a) one a 
senes of Protodynastic skeletons obtained fiom vaiious souices within foity 
miles of Cairo, and (6) another set recovered by Dr Keisner near Merowe, many 
hundreds of miles further south, in the Sudan 

(rt) The evidence of the first series supplements the inform ition which the 
author has laid before the Association from time to time during recent >ears, and 
seems to indicate that the alien element in the Protodynastic population of Low er 
Egypt can be lecognised as early as the time of the birst Dynasty It raises 
the possibility that from an even more remote period the people of the Delti 
may have been intermingling with a foieign population not belonging to the 
Brown Race Moreover, the geneial diffusion of alien traits in the people of 
Memphis by the time of the Second Dynasty and the complete gradation of 
types intermediate between the typical Proto Egyptian of Upper Egypt and the 
Syrian of Western Asia suggests a long process of iiitei mingling of these two 
peoples in Lower Egypt befoie that time 

(d) The interesting material from the Sudan was obtained list year by Dr 
Reisner at the southern end of the Kerma basin It belongs to the Hyksos 
period, when large numbers of Egyptians emigrated into the Sudan The 
skeletons obtained from the better tombs closely resemble those of typicil 
Egyptians of the upper class, such as commonly occur m Upper Egypt from 
about the time of the Vlth Dynasty onwards But many of the other skeletons 
conform to the Proto Egyptian and Middle Nubian (C group) types Although 
none of the skeletons exhibit pronounced negioid tiaits, the majoiity of them 
beai indubitable evidence of some negro admixture, though in all c iscs it has 
aliected the Egyptian or Nubian features only to i very slight degiee 


5 A Plea for Syslenialic Ethnological Reseanh in Auslndia 
By W D Campbfll 


6 A Fundamental Pi ohlem of Echqious Sodology 
By B Malinowski, Ph D 

Thcie aie certain questions of pimciplc in eveiy biaiuli of science wliicli 
cannot be passed over in any coinpi ehensive and thorough tieatment of the 
subject, and upon the answei of which the fuither course of inquiry essentially 
depends 

Such questions are, as a rule, the most difficult to settle, because only an 
overwhelming amount of evidence gathered with the very problem in view 
allows of an unequivocal answer In anthropology the mutual co operation of 
the theorist and of the field worker is essential in all such cases 

A question of this type presents itself at the outset in anthropological investi 
gatioris of religion Is there a sharp and deep cleavage between religious and 
'profane matteis among piimitive peoples' Or, in other woids Is then a 
pionounced dualism in the social and mental life of the savage, oi, on the 
contraiy, do the leligious and non religious ideas and activities pass and shade 
into each othei in a continuous manner’ 

Ihis question is of utmost importance fur the geneial theuiy of religion 
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Professor Durkheim postulates the existence of a perfectly sharp and deep 
cleavage between the two domains of the were and profane, and his entire 
theoretical construction stands and falls with this assumption ^ Again, Dr 
Marett is of opinion that, generally speaking, ‘the savage is very far from 
having any fairly definite system of ideas of a magico religious kind, with a 
somewhat specialised department of conduct corresponding thereto * * 

This view, although expressed in a somewhat different connection, un 
doubtedly implies the negation of Durkheim’s dogmatic standpoint Again, 
Mr Crawley thinks, that for the savage everything has got a religious dimen 
Sion,® a view which also excludes the existence of any irreducible dualism ot 
maqico religious on the one hand and secular on the other 

These examples show thit the above question, fundamental as it is, is still 
unsettled and controversial What answei does it receive from the ethnographic 
evidence’ The great Australian ethnographers, Spencer and Gillen, whose 
researches have contributed to the advancement of our knowledge of piirnitne 
leligion more than any other investigations, answer the question in the afhimi 
tive The life of an aborigine of Central Australia is sharply divided into two 
periods the one comprising his everyday life, and the other his magico religious 
ictiviiies * It is evident throughout Messis Spent er and Gillens two volumes 
th it the propeilv lehgious and magical practices ind beliefs are strictlv esoteric, 
that they are fenced off from everyday life b\ a will of taboos, lules, ind 
observances Yet reading another standard woik of modern anthiopologv Di 
and Mrs Seligman’s monogiaph on the Vedd is, one gets the impression that 
irnong these nitives there does not exist anything like a radical bipxitition ot 
things and ideas into religious and pi of me 

Again, the views held by another recent investigator. Dr Thurnw ild, with 
regud to the migic of the natives of the Bisnnuk Archipehgo and of the 
Solomon Islands, imply beyond doubt the absence of a clear cut division between 
m igico riligious and seculir ideas’ the two cUsses meiging into and bleiidinj; 
with each othei 

One conclusion seems to be inevitable namel\, that pending new evidence 
it would be rash to dogmatise on the subiect undei ronsideiation I ventnie to 
say more The above mentioned statements (which could easily be multiplied) 
point not meiely to different personal equations, which howevei, would be pos 
sible in such an enormously complex and general problem, but they point to 
leil diffeiences in the mittei discussed The consolid ition of the leligious hie 
can be difftient amongst vinous peoples, depending as it does upon v iiious 
social conditions Thus leligion seems to be best developed and possessing tlie 
liighest relative sociil importance among the Centi il \ustralians, to a sin ilk i 
dco^ioe inion.g the Pipinns studied by Thuinwild, still less imong the Vedd is 
Wheie it is stiongest the hipiitition postul ited h\ Duikheim sterns to he most 
prominent Wheievei it is less pronounced the two domains shade into eidi 
other and bqgm to fuse 

Thus piobably the division into rthgiou^ and jnofnne is not in essenti d ind 
fundament il feituie of religion, suitiblc to bo considered as its veiv distimtive 
(h iiacteristic It is an accidental feituie dependent chiefly upon the soci il 
nait played by leligion and connected possibly with some othei fictors to cktti 
mine the influence of which it is however luccssxiv to Irivt mon imph 
evidence, gatheied with the problem in view 


7 Thr ihuho)! of ihc Ci/ltmho (oniraJ Slones of Wc^lcin N(W 
South Walp<i By B Etiti Rionr 


' Te^ formes elemeufaire^i de In vie r^hgiensCy Pans, 1912 
- Nofe^ and Queues on Anthiopoloffy, 4th edition, London, 1012 Article 
on Keligion 

® Aitiele on Religion in Sociological Paper^i, in , London, 1010 
* Northern Tribe of Central Au^traliay p 33 

® * Ethno psychologische Studien an Sudseevolkern,* in Beihefte zui '/eit'^ih 
rift fill anqew P^ydioloqie Leip7ig. 1913 Paragiaph on Magic 
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8 Thr Elluwloqiral Cnlloclwu^ of the Ausliahnii Mu^Pimiy with Sppcml 
Pipfeionce io Ihc Biswaul Ardupplac/a a}nl Npw (lunipa Bij 
]i ETTirRTnnr 

0 Cranioloqu a] Oh<iprvalio}}\ ow a Sprip\ of Solowmi Island Slnlh 
By S A Smith 


10 Ob^enation<i on ihe Australian Ahoiigwal Hunieriis 
Bi/ S A Smith 


11 Notes on New South TI ales Aboriginal Aiborqlyplis By E MiiiNr 


12 On Symmetrical Exostoses in the Acoustic Meatus in the Australian 
Aboriginal Skulls together with Demonstration of other Skeletal 
Characters By Professoi J T Wilson, F B S 

13 Polynesian Fish hooks By C Hfdlpy 

14 Austinlian iboriginal Brains {uith Fjihibits) BijJ P Pi vmtmw 


Exhibition of (a) Facsimile Coloured Diawinqs fioni Kiuk Shelleis 
of South Afruan Bushmen, (ft) IVustralion of TJnee Vaueties of 
Bock Carving , (() Beproduction in Natural Si e of some Australian 
Aboriginal Paintings, (d) Photographs of South Afinan Bushmen, 
their Occupations and Modes of Infe By J Fj Elmort 


10 Exhibition of leeth of the Dingo from the Breccia of the Tl elhngton 
Caves, New South Wales By R ETurRiDor 

17 Exhibition of (a) Australian Aboiiginal Stone Tomahauk found at 
a depth of Ten Feel of Alluvium {b) Drawings by an \horiginal 
named * Micly,' done in 1875 By W (1 Pahkhti 
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Section I —PHYSIOLOGY 

President or the Section — Professor Blnj\mi\ Moore, M A , 

D Sc , F R S 


Melbourne 
rinuAY, avgtjST u 

The President dtlneied the following Addiess — 

T/te Vohif of Up (ouh tn the Dei dopmpnt of National Health 

Tnr history of medical science picsents to the ciuious student a remark ible 
development commencing in the latter halt of the nineteenth century, and one 
w 01 thy of speciil study, both on account of the light that it sheds on the 
present position and the illumination it affords foi future progress 

If any textbook of meduine oi treatise on any branch ot medic il science 
written before 1850 be taken up at random its pages will reveal that it differs but 
little from one written a full century earlier If such a volume be compared 
with one wiitten thirty five years latei, it will be found that the whole outlook 
ind aspect of medicine have changed within a generation 

Erroneous introspective di earns as to the nature of diseases, as ‘idiopathic* 
IS the many strange maladies which then authors are so fond of describing have 
been replaced by fast proven facts, and medicine has passed fiom an occult craft 
into an exact science based upon experimental inquiry and logical deduction from 
observation 

What caused this rapid spring of growth, after the long latent peiiod of 
centuries, and are we now reaching the end of the new era in medicine, or do 
flesh discoveries still await the patient experimentalist with a trained imagini 
tion who knows both how to dream and how to test his dreams^ 

It IS but a crude comparison tbit represents the earlier age as one of 
empiricism and imagination, and the latei period as one of induction and expeii 
inent Empiiicism has always been of high value in science, it will ever remain 
so, and some ot the richest discoveries in science have arisen empirically 

Imagination also is as essential to the highest scientific work to day as it was 
1 century ago, and throughout all time the work of the genius is characterised 
in ill spheres of human endeavour by the breadth and flight of the imagination 
whn.h it shows The great scientist, whether he be a mathematician, a physicist, 
a chemist, oi a physiologist, requiies imagination to pierce forward into the 
unknown, just as truly as does the great poet or artist Also, the inspired 
woik of poet or painter must be concordant with a system of facts or conven 
tions, and not outrage certain canons of his art, as certainly as the true and 
lasting work of the scientist must accurately accord with natural laws 

The scientist is as little able to prove the fundamental truth or existence 
of the groundwork upon which modern physical, chemical, and physiological 
theories are built, as the artist is to prove the ethics, or perfect truth, or perfect 
beauty, of those conventions upon which poetry, painting, or that great group 
of studies termed the * humanities ’ find their basis But the artist or 
philosopher knows that, using these conventions as the best at present discovered, 
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he can pioduce works of which the beauty and consistency appeal to all 
educated human minds capable of appreciation Simihily, the conventions of 
natural science, properly understood, appeal to the imagination of the scientist, 
call forth new ideas to his mind, and suggest fresh experiments to test those 
ideas, or, a chance empirical observation of an experimental natuie, which 
without theory and scientific imagination would remain isolated and sterile, 
placed in relationship to the rest of the scheme of science, awakens thought, 
and may lead to a fresh departure and a long train of important discoveries 

It was this con elation of the imagination with experimentation and the 
tiacinig out of lelitionship from point to point so as to develop the evolution 
of phenomena that characterised the science of medicine when new born about 
seventy years ago, and differentiated it from the older nosological mcduine in 
which imagination and expeiiment ition, while both existing, seemed to possess 
independent existences and pav little regard the one to the other 

It seems well nigh forgotten nowadays by the majority of people that 
science and religion originally began together from a common thiist for know’' 
ledge, djid usually in the same type of mind endowed with a divine cuiiosity 
to know moie of the ongin and nature of things 

Every great religion worthy of the name contains some account of the natural 
history and cieation of the world, in addition to its metaphysical aspects, and 
1 effects the degree of knowledge of natural science possessed b;y the nation in 
which it arose at the time of its birth 

The fundament il eiror throughout the ages of human conceptions both in 
science and religion was that of a non progressive woild to which a steieotyped 
religion, oi science could be idapted foi ill time Peifection was imaged 
where perfection, we are now happy to lealise, was impossible, and, believing in 
this imaginaiy peifection and tint ill things new deviating fiom it weie dimn 
ible, men were prepared to bum one anothei it the stake rathei thin illovv eiroi 
to cuep into the woild in cither science oi leligion Thus thtre Inve betn 
martyrs for the scientific conscience just as for religious belief, and at this 
distince in time we can perhaps better understand both inquisitor and martyr 
ind reili«!e that both were fighting for great ideals 

Evolution has taught ns that as knowledge bioadons we must be piepaied 
to have wider vision and abandon old theoiies ind beliefs in the new boin light 
thit makes the world better today than it was jesterdaj, and that also will 
show things up to oui mental vision more clearly to morrow than they stand 
out to day To the members of any great craft, oi profession, or leligious ordei 
this scientific outlook, whiih iccepts as fundamental a progressive woild and 
insists that its votaries should adapt their lives to such a doctrine, is pecnliaily 
difficult of assimilation Routine fixes all men, and so when any new discovcty 
appears to demand change from that oidei to which the mind h is become 
accustomed it is immediately looked upon with suspicion and there being little 
plisticity of mind lemaiiiing, it is rejected as heretic il oi levolution iiy aftei 
iuit scanty ciiticil eximination Ihe ciy of the crift in danger his been iismI 
tffu iciousl> on in inv occasions since the days of the Ephesian sil\ cismitlis 
noi is such 1 CIV *it once to be set down to pure selfishness A ci ift is often 

woith preseiving long after the forces which have called it into being have 
commenced to slumbci, and consei vatisni of this type is at times in impoitant 
f ictor in social piogiess Howe\er, there aie ceitain limits wdiich must not 
be surpassed, room must be made by adaptation for the new knowledge, oi it will 
establish a craft of its own iconoclastic to much worth preserving in the oldei 
system 

It IS important to insist upon these limit itions, because a too leactionaiv 
sjnrit abioad m medicine between 1860 ami 1880 pi evented the world fiom 
benefiting fiom those remark ible discoveries by Pasteur and their proposed 
ippln itions by Lister, which laid the found itions of modem medicine and 
modern surgery Those pioneers of the new age in medical science had to wage 
for many yeais a stern and bitter fight against the stiong foices of ignorinoe 
and prejudice But for this illogical resistance by men who would not even 
test the new discoveries, and instead spent their time in sneering at the new 
geniuses who had leadership to give the woild, Frtnce and Oeimany would 
hav^e been saved many thousands of hi ive lives in the great war of 1870 71 
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Even UiciCciftei, the blow stiuggle continued of the few who knew agdinst the 
nidny who lefused to be taught^ and a perusal of any oithodox text book of 
medicine published between 1875 80 — thit is, more than a decade after Pasteui’s 
gieat discovery — will show that the etiology of scarcely a single infectious disease 
had become known, and that medical science was, for example, as ignorant 
of the nature of tuberculosis as we are to day of the nature of carcinoma 
Take, as an example, the following quotation from a well known textbook of 
the theory and practice of medicine published in 1876 ‘ It is now, howevei, 

generally admitted that tubercle is no mete deposit, but, on the contrary, a 
living growth as much as sarcoma ind caicinoma are living growths * Ihe 
tubeicles were the only initial lesion observed, the infecting organism was 
entirely unknown, and the pathologists of this comparatively recent date argued 
it length as to whether tubeicles were to be classed as ‘adenomata* or weie 
something sui genenb 

There is a gleam of sunlight for the future in this retrospect at the ignoi 
a ICC of the past, foi, if men were as ignorant regarding tuberculosis thiity eight 
\tars ago as to day they aie about cancel, then it may be argued that a genera 
tiori hence as mucli may be known ibout cancer as is known now about tubeicu 
losis 

It IS particularly impoitant at the piescnt moment, when so much mteiest 
Is being taken in national he ilth to point out the uigent necessity of allowing 
as little lagging behind as possible to ensue between the making of discoveries 
ind the practicil applicitiori of the icsiilts by organised national effort for the 
w ell being of the whole community 

It must sadly be admitted that it is ciaftsmauship in imaginary dangei 
fighting hard for the old methods unchinged which were in \ogue fifty yeais 
ago, that stands most piomiiiently in the way of advance As great a harvest 
IS tint which followed the applic ition of the piinciple of antisepsis in suigery 
iw iits the application of the self ‘^ame piiiiiiplc in n itional siiiitation to d ly 
but the very piofessioii which ought to be urging forward the new ci i 
ippuently stands in dicad of it, ind seems to piefer to reip its hiivcst fioni 
disease lathei than to seize the noble hentige won for it b^ the le'^eilch of 
pioneers and so stand foith to the world as the ministry of health Foitunately 
it c iiinot be, the bouinc has been passed, and tlieie is no going backward The 
idv inccs tint have already been nude have awakened statesmen and people 
ilikc to tht needs of the situition, and all have resolved to be disease ridden 
no longei ihe liws of health must b© made known to the people at large, and 
schemes laid bcfoie them for a national oigamsation for the elimination of 
discise Diseisc is no longer an affaii of the medical piofessioii, it is a national 
toncern of vital impoitmce The pioblem is not a class question, ill humanity 
stuids face to f ice with it now in the light of modern research as it never has 
fned it before It has been i called that disc ise nevei can be conquered by 
private birgiins for fees betweiii individual pitient and individual doctor 
Kcseaich into diseiscs of unknown causation ciiinot bo subsidised upon such 
individualistic lines, and in the case of diseists of known etiology and modes 
of propigatioii the pissige of disease fiom individual to individuil cannot be 
contiolled by such piivite methods is tint of the afflicted individual subsidising 
the doctor foi his own piotection Cost whit it miv i healthy eiiviioninent 
must he pioduced loi the whole mass of the population, iiid the liws of 
physiology and hygiene must be tiught not only to medical students, but to 
every child in every school iii the country People cannot live healthy lives in 
Ignorance of the fundamental laws of heilth merely by paving casual visits to 
ph^ siLians, and no one c 1 iss in the community c an be healthy until all classes 
aie healthy 

Ihe problem of nitionil heilth is one of peculiar intciest to physiologists 
and to the exponents of those experimental blanches of medical science which 
hive sprung fiom the loins of physiology, for it was with them that the new 
science of medicine of the last fifty years arose, and they ought to be the leadeis 
of the woild 111 this most impoitant of all mundane pioblems 

It is well woith while to consider oiu oppoitumties and lesponsibilities and 
laise the question whethei oui present system and organisation aie the most 
suitable foi attaining one of the most sublime ambitions that ever appealed to 
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any profession By definition, oui science studies the laws ot hcilth and the 
functions of the healthy body, therefore it is ours to lead in the quest for health 
Is this object best achieved if we confine oui selves to research in oui laboi i 
tones, and to the teaching of the principles ot physiology to medical students, 
while we leave the community as a whole uniiistructed as to the objects of oui 
leseaich and its value to every man, and trust the medical students whom we 
turn out to communicate, oi not communicate as they choose, the lesults 
of their training and oui leseaich to the woild at large ^ 

There is little question that much of the ignoiance ibioad in the woild, 
iiid much of the fatuous opposition to our experimental work and lesoaich, arise 
iiom this aloofness of ouis Heie also lies the cause of much of the latent 
penod in the application of acquired knowledge to gicat sociological pioblems, 
nid the piesence of untold sickness and deith which toiild be easily pi evented 
if only 1 scientific system of dealing with disease could be evolved 

The position occupied by scientists m medicine it the piesent d ly is liigcly 
that of schoolmasteis to a medical guild, and even at tint, one constiintcd upon 
lines which have giown antiquated by the piogiess ot meclual scieiuc It ought 
now to become the function of the scientist to le model the whole system so is 
to fight disease it its souice The whole situation at the moment calls out 
toi such a movement On the one hand, theie exists a widespiead inteiest on 
the pait of an awakened community in health questions, evidenced by lecent 
legislation dealing with the health of school childien, with the health of the 
workei, with the sinitaiy condition of woikshops, with the questions ot 
maternity and infant moitalitv, and with the communication of infectious 
diseases On the othei hand, theie is chaos in the medical oiganiscition to meet 
all these new demands, and the ample means lecently placed at the comnnnd of 
the nation and of municipal authoiities aie being laigely wisted by overlapping 
and misdirection foi lack of skilled leadership Surely it is i time when tho^'C 
who have laid the scientific foundations for the new advances should take 
counsel together, assume some geneialship, and show how tlie combat is to bo 
waged, not as a guerilla warfare, but as an oiganised and co oidmatcd campaign 

Theie are two essentials in the inception of this oiganised campaign against 
disease on a scientific basis Ihe first is to demonstiate cleaily to the pubhi 
mind that modem scientific medicine irose fiom the expeiimental oi research 
method, that it was only when expeiimental observition of the laws ot health 
and disease, in animals and man, commenced on an oiginised ind bioadcast 
basis that medicine and suigciy leaped forward and the remarkable achieve 
ments of the past fifty yeais began Also that it is only by the oiganisation 
ind endowment of medical leseaicli that future discoveiy and advancement 
aie possible The second essential is to convince the public that a national 
system must be evolved placing medical science and medical practice m co 
oidination, so that the discoveries of science may be adequately applied in in 
organised scheme for the prevention and tieatment of disease The method in 
which discoveries have been made m the past suggests an amplification and 
organisation along similar lines for the future, and the banishment of many 
diseases by public health work in the past suggests that it is more efficiently 
organised and wide spread public health work in the future, extended from the 
physical environment to the infecting individual, that will be most fruitful in 
banishing other diseases 

If it be queued by anyone here, what has physiology to do with disease, it 
may be replied that the question comes at least fifty years too late The 
methods evolved first by physiologists in experimentation upon animals have 
become the methods of all the exact sciences in medicine Bacteriology is the 
physiology of the bacterium, and the study of protozoan diseases the physiology 
of certain groups of protozoa Organo therapy had its origin in physiology, and 
many of its most brilliant discoveries were made by physiologists, and all by 
scientists who used physiological methods Serum therapy, experimental 
pharmacology, and the great problems of immunity all arose from the labonis 
of men with expert training in physiology who branched out into piactical 
applications achieved by the extension of the experimental, oi research, method 
The modern methods of medical diagnosis and the brilliant technique of con 
temporary surgery, what has opened the door to these but the experimental 
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method’ From the di>s of tlie fn«.t siu(e‘!»«iful abdomiml operation to the 
present d ly, leseirdi in libontory or in the operating theatre has pioneeieii 
the way, and the sooner this simple truth is known to all men the better for 
medical science Eveiy time any surgeon first tries a rew operation there is in 
it an element of experiment and research of which the ethical limits are well 
known and definable, and any person who logically thinks the matter out must 
see that it is the research method which has placed the science and art of 
burgeiy where it stands to day Exactly the same thesis holds for medicine 
How could any physician predict for the first time, before he had tried it 
experimentally on animal or man, the action of any new drug, the effect of any 
variation in dosage, the result of any dietary, of the employment of any course 
of physical or chemical treatment, or of anything in the whole of his armamen 
tarium’ Yet the public are rarely told any of these wholesale truths, but are 
rather left to speculate that each medical and surgical fact sprang forth as a 
kind of revelation in the inner consciousness of some past genius in medicine 
or surgery, who, in some occult v^ay, knew of his own certain foreknowledge 
what would be the definite effect of some remedy or course of treatment before 
he tiled it for the first time on a patient, or peihaps had the ethical conscience 
iiid genuine humanitv to test it on i lower animal before he administered it to 
ma 1 

It may, in short, be txken as an axiom of medical science that everything 
of value in medicine and surgery has arisen from the applications of experimental 
lesearch Nor can future advance bo made by any other method than the 
ipsearch method It is true that accident may teach occasionally, as it did, for 
example, m the dreadful burns unwittingly inflicted on themselves and patients 
by the earl^ experimenters in X ray therapy and diagnosis But accident is 
only the most blundering tvpe of experimentation, and results obtained by its 
( h ince agency do not reallv invalidate the universal law that man only learns 
h> experience or, in other words, by research Research is, after all, only the 
requisition of fresh experience by the trained expert, usually led on to his 
experiment by inductance from other known facts 

It has been said above that all that is valuable in medical science has been 
acquired by research , the converse m ly now be pointed out, that much that was 
^alueless, dangerous, and even disgusting in medicine in earlier days was 
incorporated into the medical lore of the time, and often remained there for 
generations stealing lires by thousands, because physicians had not yet adopted 
the research method, and so based their practice upon ignorant and unfounded 
convention It is noticeable in literature that up to somewhere in the beginning 
of the nineteenth century physicians and surgeons were often as a class looked 
upon by scholars and educated people with a certain amount of contempt 
Iheie were notable and fine exceptions in all ages, but, taken as a whole, the 
profession of medicine was not held m that high esteem and admiration that 
it IS amongst all classes to day Take for example, Burns’s picture of Dr 
Hoinbook or Sterne’s account of Dr Slop in ‘ Tristram Shandv,* and similai 
examples in plenty are to be found in the Continental literature The reason 
for the change is to be found in the comparative growth of medical science 
as a result of the research method The physicians of those days were very 
often Ignorant quacks employing the most disgusting and dangerous remedies, 
or methods of treatment, based upon no experimental knowledge and handed 
down in false tradition from ignorant master to ignorant and often almost 
illiterate apprentice It is only necessary to peruse the volumes written on 
materia medica of this period to shudder at the nature of the remedies ap 
parently in common use, the details are unfit for modern publication 

Even in the first half of the nineteenth century patients were extensively bled 
almost to exhaustion in a vast variety of diseases in which we now know with 
certainty that life would be endangered by such treatment and chance of recovery 
diminished Thus, in a text book published in 1844 by the Professor of 
Medicine in the most famous University in medicine of our country, and a 
physician in ordinary to her Majesty Queen Victoria, it is said that in the 
treatment of pneuironia ‘the utmost confidence may be placed in general Blood 
letting which should always be large and must almost always be repeated some 
times four or six times or even oftener Blistering and purging, under the 
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same cautions as in the Bronchitis, are to be employed , and two other remedies 
have been much recommended — Opium, especially combined with Calomel, and 
the Solution of Tartar Emetic * It seems scarcely credible to us nowadays that 
ibout this same period a low diet, blood letting, emetics, and purgatives weie 
employed as a treatment in phthisis, yet such is the case It is in keeping with 
the above, and in strange contrast to modern treatment, to find it recommended 
that if the patient cannot winter abroad he is ordered ‘ strict confinement within 
doors in an artificial climate, as near as possible to 60° Fahr , during at least 
six months of the year in Britain * Irom the textbooks of medicine of this 
period, only seventy years back, instances of wrongful and even dangeious 
treatment m most of the important diseases might be produced There is no 
basis of accurate scientific knowledge of physiology, bio chemistry, or bacteriology 
underlying the visionarv notions about disease The real causes of the diseases 
being obscure, they are commonly set down to so called diatheses or h ihits such 
as the ‘haemorrhagic diathesis’ or the ‘ scrophulous habit’ Also, the action of 
infective organisms and the intimate relationships in regard to infection of 
members of the same family being unknown or forgotten, such ‘habits* aie 
erroneously set down as hereditary When there is no other channel of escipe 
the word * idiopathic ’ is coined to cover the ignorance of the learned 

If now we pass onwards about thirty years in time, halving the distance be 
tween the above period and our own time, and consult an important text book ot 
medicine published in 1876 by a Fellow of the Royal College of Physicians, a 
physician and lecturer at a famous London Medical School, and a lecturei on 
pathology and physiology, we find that the progress attained by research in 
physiology, and physiological chemistiy, and a growing belief in the possibilitv 
of infection in many diseases by the micio organisms, now demonstrated so clearlv 
in certain cases by Pasteur and his followers, have commenced to do their bene 
ficent work in medical practice The heroic bleedings and Icechings and tin 
scarcely less violent druggings with strong drugs have disappeared Ihe patient 
IS less harassed by his doctor, who is more content to assist the natural processes 
of recuperation as his knowledge of ipplied physiologv and hygiene tcich him 
rither than to thwart them and to lessen resistance as his predecessor often did 
a generation ago when he knew no phvsiology and less hygiene Still, the com 
parison bet^veon the textbook of even forty years ago and one of the present 
day shows a wonderful advance, all flowing from the use ot the research method 
in the intervening yeais, both in knowledge of the origins and in the treatments 
of the diseases 

Time and space foibid going into detuls, but the whole of serum , vaccine , 
and organo therapy were unknown, with the single exception of vaccination for 
variola Enteric fever has been separated from typhus, but its etiology is still 
obscure, and, to a large extent as a consequence, the mortality from it is fifteen 
to sixteen per cent, or quadruple present day figures, and it is one of llu 
commonest of diseases Tlie cause of diphtheria is unknown, although it is 
now lecognised as a ‘contagious’ disease, and is yet leseaich in bicteiiologv 
has supplied no cure for it The unity of the various forms of tuberculosis is 
unsuspected, the infecting organism is unknown, and as a result, it is not 
even recognised as an infectious disease and heredity hguies most strongly in 
a dubious etiology leading up to a vacillating treatment Pneumonia is not 
recognised as due to a micro organism, and is described as one of the ‘ idiopathic 
diseases The cause of syphilis, and its relationship to tahes dorsnlt^^ and 
general paralysis are unknown, and generally it may be siid that the causes of 
disease are either entirely unknown or erroneously given in at least three quarteis 
of the very incomplete list of diseases that are classified and described 

This, after all the centuries, was the doleful position of medical science in 
the year 1876, when suddenly light began to shine upon it, brought not by the 
agency of any member of the medical profession, but by a physiological chemist 
and he was led to his great discovery, not in an attempt to solve some problem 
of practical medicine, Isut by scientific observitions devoted to an apparently 
purely philosophical critical research into the supposed origin of life in a 
particular way 

It was the experimental or research method in bio chemistry supported by 
physiological experiments on animals which in the hands of Louis Pasteut 
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I'lid the foundations of tiue knowledge, and transformed medicine flora wliat 
has been described above into the glorious, living, evolving science that we 
possess to day 

The men who fought side by side with Pasteur in his famous struggle 
agiinst orthodoxy m medicine as represented by the leading physicians and 
suigeons of the period between 1860 and 1880 were mainly chemists, biologists, and 
physiologists, such as Claude Bernard, Paul Bert, J B Dumas, Biot, Belard, and 
Sainte Claire Deville in his ov.n country, and Tyndall and Huxley in ours A 
few physiciahs and surgeons of scientific training in France and England recog 
nised the importance of his discoveries, such as Alphonse (Juerin, Villemin, and 
Vulpiin in his own country, while Lister in ours was already at work, had 
expel imented widely and wrote his memorable letter of congratulation to 
P isteur in 1874, informing him of the work he hid been doing in introducing 
antiseptic surgery in England during the pietcding nine yeais Against this 
intrepid little band ot expeiimental scientists weie massed all the batteiies ot 
ojthodox medical nescience seived by the distinguished physicians and surgeons 
ot the time, but truth is mighty ind must prevail Davaine apiilying Pasteui’s 
piinciples in a medical direction had found out the bacterial origin ot anthnx, 
and ilthoLigh he was violently attacked by oratorical aiguments in opposition to 
expeiimental pioots, and accused, as many physiologists are to day, ot having 
‘ destioyed very many animals and saved very few human beings,’ his facts 
held list, and combined with the later experiments of Koch and of Pastcui, 
not mcielv estiblished the etiology of anthrax as we know it to diy but gave a 
suppoit and toiward growth to that new born babe, Bacteiiology, wnich without 
‘^uch animal expeiiments could nevei hue giown into the benefKent giant tint 
it is to day in all its glorious stiength for the weal of humanity 

P isteur himself mcinwhile was hud at woik in the small ill equipped 
liboiitoiy of Physiological Chcmistiy of the Ecok Noimale at Pans, tiom 
which the fame of his discoveries begin lapidly to spread and shed i new light 
toith on the medical world Pasteui at this stigc had alieidy liigely le 
liiLilititcd the nitioiial prosperity of his own countiy by his sucusstul 
lest IK lies on silk woim discisc and on fermentation miladies and the discises 
ot wines Vll this effect upon national mdustiies, it is to be noted, followed on 
tiom an iiiquiiy of ippircntly no piacticil impoitancc on spontaneous genei ition 
lie now turned his genius towards diseise, there also utilising the same dis 
cover y arising tiom i leseaich thit contained at fiist sight no iiossible appli 
citions to diseise, and the lemaiiidci of his life w' is de\oted to the extension 
of these studies The subsequent histoiy of this discovery is the scieiue ot 
Bacteriology with ill its i imihcations iiid mmifold applications in iiidustiv 
in agiicultuie, in medicine, and in public health, investigated by the expeii 
mental method by thousinds of willing workers all over the civilised woild 
Who but the ignorant Philistine, who knows not what he piates about, t m 
deny the profound influence of animal experiment ition, and the philosophic 
applicition of the piinciple of leseaich upon the history of the world’ 

Let us now, from the vantage point of the piescnt, look back at the past and 
glean from the study of the miniici lu which this science took origin some 
knowledge to guide us, fiist, as to how icsearch may he fostcied and encoiii iged 
in the futuie, ind seioiidly, as to liow the lesults ot rcseucli m »y be applied 
for social advantage 

The fiist and perhaps the finest thought of all is tint leseaich must be 
pursued with the highest ideals of the imaginative mind ipait fiom all desired 
applications oi all wished foi materiil advantages If we might peisonify 
Nature, it would seem tint she does not love that lescircher who only seeks 
her cupboaid, and never shows her finest treasuies to him She must be loved 
for her own beauty and not foi her fortune, oi she will ne’er be w^ooed and won 
Not even the altruistic appeal of love for suffeimg mankind would seem to 
leach her eais, she seems to say ‘Love me, be intimate with me, seaich me 
out in my secret ways, and in addition to the lapture that will fill your soul at 
some new beauty of mine tint you have discoveied and known first of all men, 
all these othei mateiial things will be added, and then I may take compassion 
on voui pill blind brothers and Allow you to show them these secret charms 
of mine ilso, so that then e>cs may pei chance grow strong, and they, too, led 
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hither by you, may ^vorshlp at the shrine of my matchless beauty’ By all 
the mabtei discoveiies in all the paths of science, Natuie ih evei teaching ns this 
great doctrine to which we have closed our ears so long She tells us the 
creation of the woild is not finished, the creation of the world is going on, 
and I am calling upon you to take a part in this creation Never mind that you 
cannot see the whole, lo\e that you see, work at it, and be thankful that I have 
given you a part to play with so much pleasure in it, and so doing you will 
rise to the highest ideal 

This IS leligion with thiist foi knowledge as its cential spiing, does it dilfei 
much liom those aspirations which hive made men of all iiationis woiship 
throughout all the ages’ Antbiopology teaches us that the religious system 
of a race of men gives a key to then advancement in civilisation Jf this be so, 
giowth 111 natural knowledge must elevate out highest conceptions, fuinish puici 
ideals, and give us moio of that leal leligion tint is to bo found lunning so 
strongly in the minds of gieat individua.ls such as Isaac Newton, Michael 
Faraday, Louis Pasteui, Auguste Comte A gieit min miy be stiongly 
opposed to the oithodox cieeds of his di>, bo may e\cn sneci at them, he 
may be burnt it the stike by then votaiies, and yet be a man of stiong leligious 
ieelings and emotions which have fuinislud tho uiibcen mot^^e jiowci, peihajis 
unsuspected e\en by himself, tbit leads to a whole life of scientific beioisin 
and entbusia'^m 

The piacticil lesson foi us to Icaiii fiom all this is tint \vt must lonsidfi 
leseaiih as sacied and leave it untiammelled b> lettcis ut utilit tinnism Ihc 
leseaichei in functional biology, foi eximple, must bo left lice to puisne 
investigations as inspirition leads him on any living stiuctuu fiom a unicellulai 
plant to i man, and must not be expected to devise i cuie loi tuberculosis oi 
cancer Jii his leseaich ho must think of something highei even thm saving 
hie or piomotiiig health, oi ho is likely to 2)iove a faiTuie it tho lowei level also 

As in cximple of the wrong attitude of mind towaids scieme, theie imy 
be taken the point of view of those utilitarians who complain of tho amount 
ot time and discussion it piescnt being given to tho pioblcm of the oiigiii oi 
life Ihese wiseacies with limitations to then brains say ^ tliat is an insoluble 
pioblem, we shall nevei get to the bottom of it, let us simply issiime, since it is 
beie, that life did originate somehow, and, taking this is in axiom, proceed 
to some practical expeiimental pioblem, the oiigination ot lile does not lend 
itself to experimental inquiry * 

Now it is, strange to sav, just those iiroblems that ipjieai most insoluble 
upon which the inquiring type of mind loves to linger and s^iend its eneigies, 
and, although the problems nevei may be solved, the misty solitudes to which 
they lead are gloiious and the fitful gleams of halt sunshine that come through 
are more kindling to the senses of such men, than the brightest sunshine on the 
barest of hills It is heie, and in smh cpiests, that the biggest of humdii 
discoveries aie made, and not all of them are in natuial science alone 

The search aftei the mystery and oiigin of hte had profound influence in 
laising man from a savage to a civilised human being, and is found as an 
integral part in all religions above a certain level of savageiy Much ot the 
system of moials and ethics of civilised nations is imconsciouslv grouped round 
this problem, and we owe the existence of that social conscience which 
makes each of us our race’s keeper to our interest in the nature of life, and 
our ties with other lives Leave such a problem alone and attend to routine 
researches ’ Why, the human intellect cannot do it, such problems compel 
attention ’ What, it may be asked, was it that started all this routine research 
in biology, in favour of which we are asked to abandon the search after the 
origin of life ’ The routine research would not exist, but for a discovery made 
in investigating whether life originated in a certain alleged way 

If the whole science of bacteriology emerged from a pi oof that a ceitain alley 
did not lead to the origin of life, how much more glorious may that knowledge 
become that finally leads us to this goal, or even one step onward in our true 
path towards it The search after the origin of life is an experimental inquiry, 
it leads straight to research, that is all the physicist or chemist demands of a 
theory, it should be enough for the biolopst We who seaich for this arc not 
occultists wliatever may be said of those who oppose 
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Let us then leain to have a catholic spirit about research, and tiy to convince 
the world that it commands devotion not merely because of material advantages 
which it may bung, but because it is the most lovely and most holy thing that 
has been given to man So may we clear the fair name of Science of the false 
charge of materialism that is so often brought against it by those who do not 
know and judge Science purely by mechanical inventions 

Next let us consider the applications of scientific discoveiy and see if we 
cherish aright the gifts of the fairy godmother, for her gifts aie dangerous if 
wroDigly used Consider, if this be doubted, the enormous advantages given 
by mechanical and chemical contrivances in producing the material comtorts 
necessary to civilised human existence, and then turn your ejes to the reeking 
slums ot om great cities It is clear that natural science cannot go on success 
fully alone, it must take sociology with it if our world is to be a better woild 
to live in because of the gifts brought by scientifn discoveiy 

Nor IS the ideal and the outlook different in the least from that given above 
foi pure lesearch, when we come to considei its applications, the same high 
spirit must prevail in all our endeavours, or we shall defeat our own ends and 
miseiablv fail Selfishness here, as everywhere, must recoil on the culpiit, who 
only deadens his own soul Health is needed not to grow wealthy oi to piolong 
to greater length a Mmgeiing death* as Plato puts it, but to fill life with 
happiness, ind beckon the bold and adventurous foivvard to highei things 
Here we must copy Natuie’s own plan and take caie of the lace as a whole 
instead of spending our energies upon single individuals oi 1 ivourcd classes 
Nor need anyone fear that any individual oi any particular class in the com 
munity ii> going to suffer from the adoption of the tiue scientific attitude towards 
disease The penilty taken by Natuie on the more comfortable classes, who have 
hitheito enjoved the gi eater share in government tor allowing the existence of 
poverty, disease, and slumdom, is to utilise this neglected area as a culture 
giound foi diseases, which invade the classes above Natuie is still at woik 
Cl ei ting, still conducting evolution at the highest level, and disease is at 
piesent the tool with which she is woiking bo long as those poveit> stricken 
slums are allowed to lemain, just so long is she giimly prepaied to take her 
toll of death and suffering from those who ought to know how to lead on and do 
it not Ihe disease and the ciime below are to the social community what 
pain is to the individual, and just as the special senses become more highly 
oigaiiised and sensitive as the neivous system becomes more highly developed, 
so as the civilisation of the communitv intensifies d)es tlie public conscience 
awaken to foi ms of mischief and ciime in one generation that were unsuspected 
in a previous one bo sociil evils become intolerable and finillv aie lemoved 
How then iic we employing oui knowledge as to the causition of disease to the 
public pioblem of its lemoval oi ibatement ^ 

In regard to the physical env iionnient much has been done dining the past 
geneiation towaids applying the liws of hygiene, is is shown in the sanitation 
of 0111 gieat cities, and especiilly in legaid to the question of water supply It 
IS good, foi ex imple, th it 01 isgow goes to Loch Kitrine foi hei w itei supply 
Minchestei to the Lnglish Like>, and Liveipool to the Wilsh hills Each of 
these gieat cities i lines foi in inv miles the puic distillate of the lulls to its 
million of inhabit lilts It has cost much in pounds steilmg, though not more 
than if each fimily had i pump in its back yaid On the othei hand think 
of the disease iqd suffeiing and death prevented enteiic fevei almost gone 
vvheie thousands would have died of it and tens of thousands been debilitated, 
ind these of the best of the citizens foi disease is no eliminatoi of the unfit 
Ihink of all this, and then si> Did it not pav these greit cities to bung the pure 
w itei from the lakes in the hills ' 

But why do these good cities content themselves to illow then little childien 
it a most susceptible ige to be supplied still with milk which contains the 
bicillus of tuberculosis m so laige a peicentige as five to ten per cent ’ And 
why does the law of the land pievent these Coipoiations fiom seaiching out 
tubeicular cows in ill the aieas supplyiiia: them with milk’ If it is pait of 
the business of i municipality to set th it its citizens have i puie watei supply, 
whv should it not also be allowed to see that they have i clem milk supply’ 

Long ago the povvei to make the lime to vvilk was legardcd is a divine gift 

1914 N N 
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When IS mankind going to awake to the fact that Science has placed this gift 
in its hands ^ Much more than half oi the lame and spinally deformed childien 
in our midst are in that condition because of infection of joints or spine with 
the bacillus of tuberculosis By open air hospitals and open air schools we seek 
and succeed in curing a percentage of them, but how much better it would be 
if we took the fundamental problem of tubercular infection in hand and 
prevented them fiom becoming lame and deformed ^ 

There is at present on foot in England a great scheme to enable the blind 
to lead, and it deserves our support because it is our fault that these people are 
blind The sad fate oi the man born blind appeals to all kind hearts , but men 
are not born blinds they become blind within a week or two of biith because of 
an infectious disease contracted from the mother at birth Science knows and 
has taught the world how this blindness can be quite prevented, and it is 
because of oui faulty organisation foi attending to maternities amongst the 
poor that these people are blind By proper organisation practically all blind 
ness aiising at the time of biith can be prevented Why is it not done’ Thus 
our modern Science can make the blind to see and the lame to walk, but it is 
so manacled by ancient ways and customs that it is left poweiless, and so there 
are^these maimed and darkened lives of innocent people, and they are left 
partially burdening the community which has only its own folly to blame for 
the whole stupid position 

Let us consider lastly a disease which collects the last toll from one seventh 
of humanity, and debilitates and enfeebles the lives of many whom it does not 
entirely destroy At all ages, in infancy, in the prime of life, and in life’s 
decline, it snatches away the best of our fellow men How are we organising 
our campaign against tuberculosis’ Bacteiiology has taught us that it is an 
infectious disease and has isolated the oiganism It is an undoubted fact, proven 
to the hilt by many inquiiies and observations, that infection passes from 
individual to individual How is this knowledge being applied, and how are 
we attempting to stem the tide of infection’ In the United Kingdom alone 
about 70,000 persons die annually of the disease and all over the civilised world 
the total death roll of human kind annually from tuberculosis probably does 
not fall shoit of a million souls This tide of infection is kept up, year in, yeai 
out, and every 70,000 dying annually in Britain must have infected 70,000 fresh 
victims before they themselves are carried away Can it not be stopped, this 
foul tide of infection ’ What is being done to stop it ^ Sanatoria are being 
provided for the early cases, the bad and most infectious cases are largely being 
left alone to sow iniection bioadcast and then die This is the chiet means 
being used at present to stop the tide The early non infectious case is deemed 
the more important to look after, and the well advanced, open, thoroughly 
infectious case is left to itself to infect others and then to die This is the 
condition of our public health attitude in regard to tuberculosis It is a travesty 
on the application of all biological laws, and in direct opposition to all laws of 
racial preservation Industrial conditions have produced an artificial environ 
ment and enhanced the chances of infection by the oiganism of this disease, 
it should be our plan to copy Nature’s method and safeguard the inteiests ot 
the community, and to do this we must proceed on the plan of separating the 
source ot infection — that is to say, the infectious individual from the sound 
individual This is done with success in the case of small pox and cholera, 
and this plan has eradicated hydrophobia, why should it not be carried out in 
the case of tuberculosis ' Under present conditions men, women, and children 
are gome on unwittingly infecting one another* by the thousand with tuberculosis 
in school, workshop, and home, and we ^^ho know it take no public action and 
raise no clamant outcry against it It is of more value to the community to 
isolate one pauper far advanced in tuberculosis than to send ten early cases to 
sanatoria This disease must be stopped at its source as well as dealt with on 
its course No disease has ever been eradicated from a community by dis 
covering cures for it, and none ever will, many diseases have disappeared 
because their sources have been cut of! 

Let us be scientific, let us search out the truth, having found it, let us act 
upon it, and let us conceal nothing that is true 
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The following Papers and Reports were then read — 

1 The Mammary Oland By Professor Sir Edward Schafer, F R S 


2 The Physiology of Cerebro-Syinal Fluid By Piofessor W E 
Dixon, F R S , and Professor W D Halliburton, F R S 


3 Pseudo Motor Action and Recurrent Sensibility 
By Professor W A Osborne 

(1) If the hypoglossal nerve is cut and some days afterwards stimulation 
IS applied to the distal end of the freshly cut lingual, a motor response in the 
tongue muscles is obtained This frequently described pseudo motor action can 
be readily demonstrated Attempts have been made in the present research 
to obtain this response in other regions such as the facial muscles innervated by 
branches of V and VII , but without success Occasionally in man there is a 
moderately thick connecting loop between the lingual and hypoglossal This 
IS described as normal in the anatomy of the horse and dog, but numerous dis 
sections have f iiled to give one instance, so that histological examination is 
unfortunately lacking 

(2) Stimulation of the distal facial nerve may give rise to reflex responses 
including rise of blood pressure This effect is obtained only very seldom 
When given it can be shown to be due to sensory impulses arising in the tense 
fibres of the contracting facial muscles It vanishes on very light curarisation, 
and cannot, therefore, be due to a definite union between facial and trigeminal 
fibres 


4 Central Neural Response to Peripheral Neural Distortion 

By Professor W A Osborne aiid Basil Kilvington, M S 

When two nerve trunks such as the popliteals are crossed the co ordination 
IS rapidly learned after regeneration has set in We have shown that the 
fontral changes required in the new conducting mechanism are well established 
even in the lowest levels of the central nervous system We ha\e also shown 
that if there is considerable axon bifurcation in the peripheral nerve trunks, and 
if fibres of the same neuron traverse antagonistic routes [e g , flexor and 
extensor), good co ordination is not acquired In our latest experiments the 
central phrenic on one side was sutured to a distal coid of the brachial plexus 
When regeneration occurred a lestricted portion of the scapular muscles was 
seen to be rhythmically excited in synchronism with the diaphragm The action 
of the contracting fibres on the limb was veiv slight, producing in the 
anaesthetised animal a just detectable abduction 

In eleven months’ time no change could be observed in the amount of move 
ment of the affected muscular fibres Suppoit and progression had never been 
interfered with, and presumably for this reason co ordination was not acquired 
The operation gave an interesting method foi obseiving inhibition in a lestncted 
numbei of muscular fibies During expiration the exposed suiface of the 
affected portion of the deltoid was seen to bulge slightly thiough pressure of 
adjacent tonic fibres During asphvxia the visible contracting area enlarged, 
encroaching upon poitions of muscle surface not pieviously affected 


5 Evidence of Co ordinate Action in the Circulatory System 
By E H Embley, M D 

Firstly, the results of expel iment upon venous pressures appear to indicate 
a nervous mechanism conti oiling venous tension Secondly, with certain 
exceptions cardiac and venous inneivations seem to be co ordinated — ^the cardiac 
vagi with the venous constrictors, and the cardiac accelerators with the venous 
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dilators Thirdly, -with certain exceptions, cardiac and aiteiial inneivations 
appear co ordinated — the vagi with the dilator, and the accelerators with the 
vaso-constrictor mechanisms 

Evidence of venous innervation — 

(1) Venous pressure in asphyxia uses either simultaneously with, or siibse 
qiient to, the rise, and after the fall to zero of arterial blood pressure 

(2) Venous pressure rises either simultaneously with, independently of, or 
it fails to rise with, the rise of arterial blood pressure upon the intravenous 
injection of adrenalin, epinine, oi pituitary Moieo\ei, it may rise and fall 
and use again during the penod of laised arteiial piessuie upon intiavenous 
injection mentioned 

(3) During syncopal fall of aitenal blood-pi essui e the bowel volume maikedly 
diminishes This occurs whether the animal be prone or supine, and whethei 
the heart’s rate be gieatly or slightly retarded Such fall in arterial blood 
pressure is accompanied by a use in venous blood piessuie and arterial vaso 
dilation, as is well shown in the syncope induced by clamping the brain 
ait^ies, in which case the heart’s rate is piactically constant The only intei 
jirefation which seems possible is that of venous constiiction 

The possibility of interpreting these insults as due to varying intia 
abdominal tension fiom muscular action, or to alteiations in cardiac output, oi 
to blood displacements or changes in aiterial tension, was found to be made 
quate to explain the phenomena Venous innervation seems to be the only 
interpietation possible 

The frequent association of vagus inhibition of the heait — as represented 
by a retardation of rate ranging fiom moderate slowing to actual heait stop- 
with a rise of venous pressuie, cannot be asciibed to dislocation of blood as 
a result of diminution in the heart’s output, because it occurs whethei the 
aitenal blood pressuie be falling oi rising Similaily the fall of venous 
pressure constantly associated with accelerator action cannot be ascribed to 
dislocation of blood by arterio constiictor letention, since it occurs whethei 
the arterial blood-piessuie be low oi rising Moreover, the venous blood 
pressure may be found both high and low in a single tracing, in which, through 
out, the arterial blood pressure is high, but in which vagal action is temporarily 
replaced by accelerator, during which tempoiaiy period the \enous pressuie 
falls and remains low till vagal action is restored It points to co ordinate 
innervation, and further to recipiocal relations between the vagi and venous 
dilators on the one hand, and the accelerators and \enous constrictors on the 
other 

Examination of a larger number of blood pressure tracings shows a constancy 
of CO ordinate innervation of the cardiac accelerator with vaso constrictor, and 
again of the cardiac vagus with vaso dilator mechanisms They furthermore 
indicate a reciprocal relation between these groups Theie aie accountable 
exceptions in asphyxia, adienalm and othei intoxications, depressoi nei\e 
excitation, a depiession of the vagi, &c Syncopal fall of arbeiial blood-piessuie 
with cardixc slowing is constantly associated with \aso dilation, whilst sudden 
rises in arterial blood pressure show more or less the incidence of accelerator 
ihythm, which may oi mav not be due to increased secretion of the supiarenals 


6 Ariificml Collate rah sat ion as a'pplted to the Ahdomiaal Aorta 
By B^siii Kilvingion, M S 

Cases hive been found post moi tern wheie the abdominal aorta has been 
completely occluded, yet life has been possible This has been caused by certain 
pathological conditmns which act gradually 

An attempt was made to imitate this gradual occlusion by ligaturing the 
abdominal aorta in two stages The first operation consisted in partly obstruct 
mg the aorta by a silk ligature applied a short distance above the bifurcation 
into the two iliac vessels It was impossible to gauge accurately the narrow- 
ing, but, as a rough test, the ligature on the aorta was tightened till the 
pulsation was just, though definitely, perceptible to the finger applied where 
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the common femoral crosses the ramus of the pubes The animal recovered 
from this with few symptoms^ and two or three weeks later the aorta was 
completely blocked by a second ligature applied just central to the first In 
every instance the animal survived this, and after recovering fiom the operation 
lan about as usual 

In the deep epigastric the flow was reversed, i c , the blood moved from 
the umbilicus thiough the supeiior epigastric downwards The mam collateral 
supply came, however, from the anastomoses between the two circumflex 
vessels (blanches of the femoials) with the sciatic and lumbar arteries about 
the upper end of the thigh Blood-pressure tracings fiom the femoral artery 
displayed typical damped oscillations similar to those obtained from a normal 
irtery when the connecting tube to the manometer is partly clamped Obstruc- 
tion of the aorta above the iliacs, produced immediately by a single ligature, 
IS practically always fatal 

It IS intended to utilise this method in ligature of vessels which is attended 
by giave complications owing to poor collateral blood supply An ideal instance 
would be in the case of the abdominal aorta for in aneuiism situated below the 
lenal vessels Othei less ciitical examples would be in the case of the common 
femoial oi popliteal aiteiies This method might pio\e more suitable than 
plastic opeiation on the aneurism itself 


7 Sixth Interim Report on iyicesthetics 


8 Report on the Binocular Combination of Kinematoijraph Pictures 


9 Report on Calorimetric Observations on Man 
See Repoits, p 238 


10 Ripoit on the Ductless (Bands — See Eepoils, p 237 


11 Ri port on the Ejject of Low Tcnipeniturc on Coldblooded 
ininiah — See Repoits, p 241 


12 licpoil on till Phijsiolo(iiutl and Psychological I ac ton in lJu 
PtodiulioiL of Mine) s Nystagmus — See Eepoits, p 241 


TUESDiY, AUGUST 18 

Discussion on incesfhetics 

(i) Opening Remarks By Piofebsoi A D \V\lllr, F R S 

Piofessor Wallei, aftei a complimentary lefeience to the epoch making 
work on chloroform anaesthesia by Professor Martin and Dr Embley in Mel 
bourne, discussed some of the outstanding featuies in connection with the 
dangers of the administration of chlorofoim He emphasised the rule that the 
amount of chloioform administered must not be above 2 per cent nor below 
1 per cent to be eflecti\ e Any apparatus used must be contrived with the above 
object 111 view 
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Professoi Waller considered that the feai of chloroform is excessive at the 
present day, but that the danger is very small if not more than 2 per cent 
IS administered Idiosyncrasy is of some importance, but most cases of acci 
dents arise from the giving of too much chloroform, and not from the use of 
too little He demonstrated a portable chloroform apparatus which admirably 
fulfils the conditions desired 

(ii) Beinarhs by Dr "E H Embley 

The employment of the regulating inhalei is certainlv a progressive step in 
the administration of chloroform Anaesthesia so induced is not attended by the 
great nervous excitation which so frequently accompanies the administration ot 
chloioform by the drop method This with the attendant exaggeration of 
respiratory intake, so raising the tension of the chloroform in the arterial blood 
for the time, constitutes an important contributing factor to the causation ot 
primary syncope Moreover, the uniformity of the resulting amesthesia by 
the regulating inhaler is quite remarkable It is free fiom the oscillations in 
depth of narcosis so often observed in the drop method 

Yet it has not been adopted in Melbourne This appears to be due to the 
frequent necessity of ti ansgi essiiig the 2 pei cent boundary line of safety and 
of employing 2 5 or 3 per cent concentration to induce anaesthesia in reasonable 
time , also because in the light degree of narcosi«t maintained, depressor reflexes 
appear to occur much moie readily than in the deeper naicosis of the oldei 
method, but moie especially has it been abandoned on the giounds of the 
toxicity of chloroform, however administered Professor Waller has stated 
that the relative pharmacological potency of chloroform and ether is as 10 to 1 
(I have found that 2 2 per cent chlorofoim vapour is nine times as depressing 
to the myocaidium as is 191 pei cent ethei, and 40 times as depressing as is 
10 per cent ether ) This is the relative toxicity, and the actual reason foi the 
abandonment of chlorofoim More especially is this the case since the adoption 
oi the method of mixed ethei narcosis, that is, the prehminaiy use of moiphino 
and other alkaloids One piactically never heais of reflex, oi the othci foim 
of syncope, in mixed ether narcosis 

1 cannot recall statistics of mortality from chlorofoim syncope, but I think 
Leoiiaid Hill found, some yeais ago, that it represented about 90 pei cent of 
the total mortality I have several experimental records of this form of death 
from chlorofoim I find the mechanism of chloroform syncope to be the com 
bined exaltation of the cardio inhibitory and arterio dilator nervous mechanisms 
— the heart is arrested and the arteries dilated Whether the heart will free 
itself from the inhibition depends upon the degree of responsivity remaining in 
the heart when the inhibition occuired, also probably upon the extent of the 
compensatory rise of venous blood pressure If the vagus terminals give out 
early the heart frees itself Venous pressure always rises in syncope In 
chloroform syncope the rise is proportional to the degree of general intoxication 
A high venous pressure in the cavities of the right side of the heart and in the 
great \eins adjacent seems to exert a stimulus towards the restoration of the 
heart’s rhythm Artificial respiiation appears to exert a similar stimulus, it 
also exerts a stimulus towards restarting the respiratory rhythm The rise of 
venous pressure in the right heart cavities may be augmented by gravity — that 
18 , by turning the patient so that the head is on the floor and the feet up, and 
by aspirating the splanchnic bed in doing artificial respiration 

Deaths from excessive intoxication by chloroform, apart fiom caidiac iiihibi 
tion — that IS, deaths fiom general paralysis of the cardio vascular musculatuie 
and depression of the nervous mechanism of the circulation — must be very rare 
Such cases are thought to occur during the course of anaesthesia — that is, after 
the more dangerous period of induction In most instances the respiration fails 
first, and then any further accession to the tension of chlorofoim in the blood is 
arrested Artificial respiration then suffices to restore the blood pressure When 
such deaths do appear to occur the final stroke is probably always cardiac 
inhibition The excitability of the vagi, which had become depressed by the 
chloroform after the initial peiiod of excitation, is again exalted by the bulbar 
anaemia consequent upon the low blood pressure It is extremely difficult to 
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kill an animal with chloroform after the vagi are cut The protective use of 
atropine with the same object as vagotomy is sound in principle, but it has 
not been availed of by aneesthetists chiefly on account of its disturbmg effect 
on the pupil of the eye, thereby misleading them as to the depth of narcosis 

(ill) Resusciiakon in Threatened Fatalities during the Administration 
of General Ancestheiic Agents By Ft H Embley, M D 

Deaths under anaBSthetics by no means occur from a common cause nor 
under the same pathological conditions They may be arranged in four 
groups — I Syncopal II From excessive tension of amesthetic in the body 
III Shock or exhaustion IV Pre existing pathological states and various 
accidental conditions 

I Syncopal — (Such cases occur early in the administration Respiration 
ceases either just before, at the same time as, or just after the heart — mainly 
in consequence of the low or absent arterial blood pressure The cessation of 
pulse and the loss of colour from the face are sudden The heart is arrested 
and the arterioles relaxed by inhibition, not by paralysis The venous blood 
pressure is high Reflex syncope may happen at a later period in the administra 
tion, but it occurs mostly under light narcosis 

TI Excessive narcosis — Respiration invariably ceases before the circulation 
Tlie loss of colour of face and the progressive diminution in pulse volume and 
tension are relatively much slower than in syncope In chloioform narcosis the 
respiration has been progressneh diminishing up to the time of stoppage The 
cardio vascular neuro muscular mechanism is paralysed, and both the venous 
and the arteiial blood pressures are low 

ITT Shock or exhaustion, -whether previously existing or incurred in the 
operation, is indicated by a progressively increasing heait rate (generally except 
ing that of old people), -with diminution in pulse tension and \olume Loss of 
face colour and diminishing effloicncy of lung \entilation ju ogress similarly 
The \aso motor system is chieflv concerned in tne circulatoiy failure The 
experimental evidence available up to the present indicates exniustion of the 
\asomotoi cential mechanism, and of the secrctoiy function of the adrenals as 
the causative fictois of the circulatory depression in shock The \enoiis and 
arterial blood pressures being low, the heart (a\ities aie impeifcctlj filled ind 
the coronan blood supply inadequate for the heart’s needs Respiration is 
defective and the teinpeiaturc low 

TV Dr(ff^ing by blood, pathological fluids lomit, &r Lanngoil ohstiin 
tion hv spasm, foreign bodies \omit or blood Respiratory paiahsis in cases 
of cerebral pressure CEdema of the glottis Retrophar>ngeai abscess Ludwigs 
angina /Septic degeneiations Reflex s>ncope fiom surgical affeients, &c 
I Syncope — The aim in treatment is that of cutting shoit the inhibition 
Thioo methods aic of \aluo foi this purpose — (a) Raising the blood pi essuie 
in the right cavities of the heait and in the great \eins adjacent (/>) \itificiil 
Kspintion (c) Rhythmic manual compression of the heart 

(rf) Raising the aenous blood pi essuie in the heart and adjacent \eins Some 
CMdince seems to indicate that heightening ^enous tension in these parts is the 
ciusc of the normal cardiac rhythm This pressure is high in s\ncope, but in 
the syncope of anaesthetics the rise of pressure is moie or loss impaiied It 
may, however, be supplemented by gra\ity when the patient is in\erted head 
down, and by the aspii itiiig effect of artificial respiiation A good head of 
pressuie, at the right side of the heart, fuithermore affords the requisite blood 
for filling the arterial system when inhibition ceases 

(6) Although artificial respiiation cannot oxygenate the blood with the circu 
lation irrested, it exercises the afferent impulses whereby reflexly the respiratory 
rhythm is regulated by alternately inflating and compressing the pulmonai> 
talveoli, and it assists in helping to restart the heart by the precordial pressure 
of the expiration mo\ements, besides assisting to raise the \enous pressure in 
the great veins adjacent to the light heart 

(c) Rhythmic manual compression of the heart through the diaphiagm — 
When the abo\e measuies fail this should not be neglected, though it entails 
opening the abdomen Experimentally it invariably succeeded in rest ai ting a 
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heart arrested by inhibition, but it always failed m oases wheie the heart was 
irresponsive to stimuli, from excessive narcosis In such cases as these, and 
in those in which the heait was pathologically impaired beforehand, was syncope 
fatal 

The use of strychnine, itropino, ether, am>l nitiite, &c is iirational 

IT Excessive narcosis — When the heait has ceased from this cause no 
remedy will Restart it Expei imentall^ the tension of the amesthetic in the 
myocardium may be rapidly reduced, so as to admit of restoration of function, 
by the perfusion of isotonic salt solution through the coronary aiteries, but 
this has no clinical value in consequence of the pulmonary oedema which ensues 
and the difficult surgical technique entailed The indications foi treatment 
are — (1) Elimination of the anaesthetic as rapidly as possible (2) Raising the 
blood pressure in the right cavities of the heart and in the adjacent veins 

(1) Elimination — In less severe intoxication, with respiration still continuing 
it IS only necessary to withdraw the anaesthetic mask Where respiration is 
feeble or has ceased, artificial lespiiation is demanded This not only eliminates 
the ^anaesthetic, but it oxygenates the blood and assists in raising the venous 
blood pressure in the great veins at the right side of the heart 

(2) Raising the venous pressure at the heart — Inversion into the head down 
position and artificial respiration, as for syncope If the heart has not ceased, 
recoveiy is relatively rapid Str\chnine is not harmful, but it is not indicated 
Amyl nitrite and ether are both harmful Fatal excessne narcosis is often 
finally accompanied by cardiac inhibition 

III Shock — The same indications exist for raising the blood pressure in 
the right cavities of the heait and the veins adjacent as foi I and IT This 
IS attained bv inversion into the head down position The body heat must bo 
maintained and waim oxygen inhalations used The employment of warm 
saline injections oi infusions is not indicated unless in collapse from great loss 
of blood Otherwise the use of arterial and venous blood piessure is soon lost 
in consequence of its rtpid exudation into the surrounding tissues Eigot and 
pituitaiy are of use in the mild forms, but wheie help is urgent they f ul 
Adienalin and epinine, however, always laise both venous ind aiterial blood 
pressure, but only temporal ily unless it be given by continuous flow into the 
\ein and not of greater concentiation than one in 500 000 with the pulse used 
as a guide The flow should be reduced if the pulse rate falls to 60 pei 
minute The more se\eie the shock the greater is the care necessaiy to guild 
against vagus inhibition of the heait or against ventriculai fibnllation from 
excess of adrenalin 

TV — In cases of drowning the pitient should be inverted he id down, and, 
if the fluids have entered the bronchus from below, the sound side should be 
pieseived fiom flooding bv promptly turning it uppermost When both sides 
aie flooded a tube should be inseited thiough a lar^ngotom^ opening and the 
blood or fluid aspirated by the mouth or other ready meins Laryngeal spasm 
or obstruction may be relieved by the finger or sponge cleaning out the glottis 
An artificial cough, induced by sudden bilateial compression of the thoiax 
will often expel material or open a larynx closed by spasm Respiiatory failure 
in operations in cases of cerebral compression may be obviited by a preliminary 
injection of atropine, otherwise artificial respiiation must be performed through 
the operation Light narcosis is used throughout these opeiations Cases of 
oedema of the glottis, retropharyngeal abscess, and Ludwig’s angina are very 
dangerous for gener il amesthesia, and should be operated under local amesthesia 
only Reflex svneope cases are treated as syncope Cases known to be liable 
to depressor reflexes should receive a preliminary injection of moiphine and 
atropine, and be given ether 

(iv) Ohservatwvs on a Case of Delayed Chlorofoim Poi^oninq 
By Professor K P C LriTii 

This form of poisoning denotes a persistent and generally fatal intoxication 
which comes on at varying intervals (from a few hours to many days) after the 
chloroform narcosis has passed off, and closely resembles the pyogenic forms 
It IS a rare condition, the number of cases recorded since its first recognition 
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by Caspai m 1850 hardly exceeding fifty The piesent case occurred m the 
General Hospital, Birmingham, in October 1913, iii a boy aged eight, admitted 
under the care of Mr Woodman He was a healthy lad who had been run over 
by a light motor van Laparotomy disclosed a rupture of the liver about two 
inches long and one and a half inch deep close to the fissure of the gall bladder 
The abdominal cavity contained about two pints of blood stained fluid There 
was no other lesion Neither the shock nor the amount of blood lost was serious 
The operation lasted half an hour, ame^thesia having been initiated by chloroform 
and ether mixture for four minutes, and maintained thereafter by ether alone 
The total amount of chloroform administered did not exceed two drachms He 
reco\ered completely from the narcosis and did well fox a time, but symptoms 
snggestne of septic poisoning supeivened, and he died in about forty houis 
On post mortem examination no peritonitis or other inflammatory condition was 
found, nothing, in short, beyond the ruptuie and a markedly fatty state of 
the liver to which the fatal toxTmia could be ascribed Microscopically an 
intense degree of fatty degeneration combined with a peripheral fatty infiltration 
existed in eveiy lobule thioughout the organ, but somewhat more severe in the 
iieighbouihood of the rupture Though there was no actual cell necrosis, the 
nuclei mostly staining well, the cytoplasm was markedly degenerated and had 
lost its powei of retaining fat within its intimate structure Its ‘ masked * fat 
hid become \isible in the form of numerous fine granules and globules within 
the hepatic cells, particularly those in the innei parts of the lobules — a condition 
of tiue fattv degeneiation Towaids the peripheral parts, on the other hand, 
the fat globules were fewer ind larger — an infiltration instead of a degeneration 
I he peripheral cells had retained then normal function of infiltrating fat, and a 
liigci supply being a\ailable, had produced a high degree of f itty infiltration 
\ll the fat pusent readily absorbed the oidinary stains foi fit, and, by gning 
tin tvpicil led roloui with Nile blue, was shown to be neutral fat Tn shoit, 
llie londition of the li\ei while resembling phosphoius poisoning most closeU, 
piesented appeirances simil ii to those resulting fiom the action of other 
poisons notably those of the pyogenic oiganisins and of acute vellow itrojdu 
Ml these poisons damage the li\ei cells pioducing gianular and fatt\ degenei i 
tion often combined with fatty infiltiation, if their intensity be not too greit 
But they all diffei from delayed cliloiofoim in that their lesults ire ceitain, 
])iovided that the dose be sufficient, wheieas in the case of chloioform the 
lesults are extiemely capiicious, liaidlv arising e\en in one case lor e\eiy 
tliousand in winch they do not appeal That is, if the chloroform be inhaled, 
hut if gnen by the mouth oi subcutaneously they follow as certainU as after 
the othei poisons This anoinaH is not at piesent capable of explanation 
except on the assumption of an indiMdual idiosynciasv, and, though individual 
susceptibility to certain drugs is an admitted phenomenon, it can hardly be 
legarded as satisfactoiy A better explanation may be foithcoming with in 
inciease iii oui knowledge of the physiologic il action of cblorofoim The seaeie 
ind persistent vomiting which is such a characteristic symptom of the disease, 
and the hemoirhagic inflammation of the gistnc mucosa sometimes found, sug 
gest that eithei chloioform or a toxic derivative theieof is secreted into the 
stomach and absorbed by the poital vein, but, €\en if tiue, it does not explain 
the capiicious incidence of the disease In a considerable number of the recorded 
( ases, the liver has already been damaged by pre existing abdominal or other 
disease, and the chloioform mav be held to act as the last stiaw, but in others, 
os m the present case, it has been healthy But it is not difficult as expert 
ments show, to produce, and that rapidly, an extreme degieo of fatty change 
within the livei under a \aiiety of conditions, and it is possible that some 
other factor than the cblorofoim, not yet recognised, may be the cause of the 
disease On experimental grounds alone it seems certain that ether cannot cause 
it Though as yet unexplained, it seems piobahle that d€la\ed chloroform 
poisoning does exist is a separate entitv, and though raie and fatal m its 
se\erer forms, mav he not uncommon and tiansient in mildei forms 

Piofessors ObBOUNE and ^Milroa ilso took part in the Discussion 
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The following Papers were then read — 

1 The Prohlem of the Visual Requirements of the Sailor and the 
Railway Employee By Dr James W Barrett, G M O 
See Eeports, p 256 


2 The Mechanism of Micturition Control in Human Beings 
By Dr S Sewell 

A number of cases of lesions of the spinal cord above the lumbar enlarge 
ment, in the lower lumbar region, and in the sacral region were described, 
illustrating the various effects upon the control of the function of micturition 
produced by lesions at these various levels In lesions of the sacral cord, 
or cauda equina^ reflex micturition is not established even after fifteen years, 
patients still maintaining absolute retention and requiring regular catheterisa 
tion, possibly as a result of the still active lumbar inneivation of the sphincter 
Cases of supra sacral lesion develop reflex incontinence of urine of which they 
are unconscious, thus suggesting that the spinal arc is sufficiently well laid 
down in human beings for the maintenance of this primitive function 


3 Ihe Biochemical Significance of Pho<iplioin^ 

By Miss IIiTDv Kincaid, D Sc 

The research can be divided into two parts — 

I The general zoological significance of phosphorus 
II Its peculiai biochemical significance in Victoria 

I The fact that the fiamework of the lower animals is laigely CaCO, 

and that of the higher animals Ca 3 (POJ suggested that there might be a very 
gradually increasing use of for fiamework purposes as we ascend 

the animal kingdom Analysis of the exoskeleton of each class of in\ertebicites 
showed the very interesting fict that the phosphorus content increases steadily 
as we ascend the e\olutioii iiv stale, though ne^er at any time laige in the 
Invertebrata 

When we come to the endoskeleton of the v^ertebrates, however, there is a 
sudden jump in phosphorus content, which remains practically constant through 
out the vertebrate group 

On the other hand, analyses showed that the phosphorus content of nerve 
tissue and muscle has a surprising uniformity throughout the whole animal 
kingdom 

II It has been le lilted for some time that Austrslian soils are lamentabljr 
poor in phosphorus, some even as low as 47 parts of phosphoiic acid in 
100 0(X) parts of soil Fxperiments weie made with a view to deteimining 
whether the deficiency in phosphorus is also a ft at u re of the products of the 
soil, VIZ , cereals, foddeis, woods, &c 

Analyses showed that Australian native grasses have a markedly lower 
phosphorus content than European, that acclimatised European grasses have a 
higher phosphorus content than native Australian, but lower than the same 
nds of grasses grown in Europe, that the wood of the Australian trees has a 

^r phosphorus content than that of European trees, and also that the 
chorus content of Victorian wheat flour is low 
"ly, it was urged that as the yearly loss of phosphorus from Victorian 
lands by export of then products is considerable, it is a matter of 
importance that such phosphorus should be restored 


rimenial Investigation on Concussion of the Spinal Cord 
Allied Conditions By Alan Newton, M S 

I’ation an attempt has been made to determine the effect upon 
arying degrees of concussion and compression 
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Methods — The animals employed were dogs, cats, and monkeys The 
momentum of a glass rod 8 mm in diameter weighing 50 grammes falling upon 
the exposed cord, or upon the superficial surface of the laminae of the upper 
lumbar vertebras, caused the concussion Motor and sensory conduction in the 
cord was tested at varying intervals after the production of the concussion 
It was found that very slight injuries of the exposed cord produced marked 
alteration in the conduction, although the anatomical changes demonstrable in 
the cord after such injuries were very slight Alteration of conduction in the 
spinal cord can be produced by a concussing force directed uppn the superficial 
surface of the spinal column, although no macroscopic change in vertebral 
structure is produced After the abolition of motor efferent conduction afferent 
conduction can still be demonstrated 


Sydney 

F HI DAY, AUGUSr 21 

Demonstrations by Professor Sii T P Andiksov Silart 
(«) lliL functions of the Coipora Arantii 

(b) All Apparatus lor illustrating the Nituic of bound Waves m An 

(0 The Cyclogidph, an Instrument loi quickly maiking Microscopical blidcs 
(d) The Action of the btapedius Muscle 

(c) The Effect of bimultancous Contraction of the Intel costal Muscles 


The follo\Mng Papers wcie then read — 

1 Climate from the Phijstoloyical Point of View 
By Pioiesboi W A ObBOitNL 

The theoiy of wet bulb tempeiatuies in their relation to body teniperatuie wc 
owe to Haldane Hairington had already suimised their importance, and had 
mapped the United States with wet bulb isotherms foi the month of July In 
estimating climatic conditions in Australia, in so far as they affect the body, 
the wet bulb isotherms are extremely useful There are, however, certain 
liiiiitations in the use of this method I have found that the wet bulb is not 
nearly so responsive to change in wind \elocity as the human body Atypical 
instance of this is seen when a hot dry north wind in Victoria gives place to a 
cool southerly breeze with or without electrical disturbance and laiii The 
wind drops, the sky becomes overcast, and a feeling of oppression is experienced, 
whilst visible sweating may be more readily provoked Owing to the over 
clouding the shade dry bulb temperature has fallen, and in nearly every 
instance the wet bulb has fallen too If, however, a wet bulb thermometer 
is employed, the bulb of which is surrounded by a cage covered with some 
closely woven fabric, it is found to be much moie sensitive to wind velocity 
than the nikcd wet bulb thermometer buch a thermometer, too, shows in a 
‘ chinge’ an increase in the height of the meicury column during the oppressive 
period before the cool breeze These * jacketed * wet bulb theimometers I have 
made with a cylindrical cage of coppei gauze covered with fine mesh bolting 
cloth Unfortunately the cloth soon becomes greased and clogged Two or 
three ply of fine copper gauze will act fairly well instead of the bolting cloth, 
but here, too, the apeituies become filled and readings lack constancy I have 
been compelled to fall back on quite impervious material in the form of a hollow 
cylinder, open below, but having a perforated stopper of coik above, through 
which the thermometer stem passes The bulb with its usual cotton covering is 
placed in the centie of the cylinder In this instrument a considerable degree of 
sensitiveness to change of air velocity can be demonstrated It will frequently 
‘^how a rise it the onset of a thunderstoim when the oidinary wet bulb gives a 
fall 
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2 Forins of Precipitation of Inoiganic Colloids 
By Professor B Moore, IP R S 


3 The Action of Ultra-violet Light on Solutions of Organic 
Substances By Piofessoi B Moore, F R S 

4 The Presence of Lon Salts in the Colourless Portion of the 
Chloroplasti and the Mechanism of Photo Synthesis by Iron 
Salts By Professoi B Moore, F R S 

6 Note on the Deposit obtained from Mill by Spinning in a Centri- 
fuge By IL S H\lcro Wardlaw 

When milk is spun m a centiifuge a white deposit accumulates in the con 
taming vessels The hrst poition of this deposit consists of cellular mateiial, 
the lemamdei is composed of minute granules, less than 0 001 mm in diameter 
The removal of this mateiial from milk does not i use its tieezing point The 
composition of this deposit is not constant, but the figuies given below show its 
nature — 

100 parts of dry deposit contain — 


Ash 

8 parts 

(P^O’ 

3 b) 

(CaO 

3 7) 

Combustible Substance 

92 „ 

(Caseinogcn 

57) 

(Lactose 

19) 

(Remainder 

16) 


The sixteen parts of combustible substance not act.ounted for contain 2 5 paits of 
nitiogen, and consist, in part at any rate, of protein coagulated by boiling 

A considerable portion of the deposit (up to bO per cent ) is soluble in a 
volume of vn itei equal to that of the milk from which it w is lemoved, and the 
soluble portion contains the bulk of the ash (up to 90 pei cent ) 

The poiceiitages of ash in the deposits obtained from the san 2 sample of milk 
after vaiious periods of spinning are not the same, but first increase and then 
decrease as the spinning is continued With an initial percentage of ash of 
7 0 the maximum peiccntage w is reached aftei about two houis’ spinning and 
imouuted to 8 0 

The 1 itc of ICC umulation of this deposit also vanes vsith the time of spinning, 
but appioxim itely inversely to the percentage of ish, first decreasing to i 
nnnimum, then iiici easing The average rate of deposition undei the conditions 
of tlie expel imeiits w is about 70 mg per hour pei 100 c c of milk This subsc 
qiicnt increise in the late of deposition ^s peculiar 


() Some Notes on the Symbiotic Activities of Coliform and other 
Organisms on Media containing Carbohydrates and Allied Sub 
stances By Burion Bradley 

(1) Consideration of the effect of coliform aerogene organisms in company 
with coliform anaerogene oxygene organisms on media containing a carbohydrate 
(or allied substance) not affected by the former organisms, and from which 
acid, without gas, is produced by the latter 

(2) Consideration of the effect of coliform aerogene organisms on the steiilised 
acid or sterilised neutralised products of the action of coliform anaeiogene 
oxygene organisms, other conditions being as in (1) 

(3) Considerations of various factors concerned in the results produced 

(4) Consideration of the symbiotic activity of other organisms 

(5) General conclusions 
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The following Papers were read — 

1 Changes tn the Reaction of Mill under Difjcrent Conditions 

By Professor T PT Milroy, M D 

The leaction of the milk was determined by estimating the hydrogen ion 
concentration by the electrometric method When h\drogen is passed through 
fresh milk the H concentration is lowered by a remo\al of carbonic acid This 
may be a\ oided eithei by passing the milk into an electrode already charged with 
hydrogen and then shaking the milk in the \essel until it is saturated with the 
g is, or bettei by passing the hydrogen through a series of tubes containing milk 
before passing into the electrode containing the same milk When this is done 
the H concentration of fresh milk is found to vary from about 158x10*’ N 
normal to 2 24 x 10~’ N Greater acidities than the latter are due to commencing 
acid fermentation of the milk When milk is heated for about an hour it a 
temperature a little below boiling point, evaporation being prevented, the milk 
when cooled to room temperature shows i slightly higher H concentration thin 
the same milk eximined fresh Theie is also i gieatei constancy in the concen 
tiation when one compaies a large number of specimens Such heated milk does 
not undergo coagulation with rennin unless its acidity is raised by the addition 
of weik acid oi by the iddition of calcium chloride The addition of calcium 
chloride raises the H concentr ition and produces coagulability of the milk more 
icadily, that is at a lower H concentration, than when weak acids have been 
added When potassium oxalate is added to milk, in just sufficient quantity to 
})i event coagulation, the H concentration is lowered below the level of th it 
observed in ordinary coagulable milk If one now estimates the H concen 
trition after the addition of just sufficient CaCl to pioduce dotting, it is found 
to be within the H concentration limits of ordinary coagulable milk The 
iddition of oxalic acid to oxalate milk does not produce true coagulition 

2 Variations in the Hydrogen Ton Concentrations of the Blood 

By Piofessor T H Milroy, ^[ 7) 

The concentration of the hydiogen ions in the blood cm be most satisf ic toiiU 
detei mined by the electrometiic method Theie are certain difficulties entailed 
in the method as employed for blood, owing to the fact that the blood is rich in 
oxygen and in carbonic acid The former gas leads to a depolarisation of the 
liydrogen plite, and so the estimation can only be made after complete leduction 
of the blood, while the latter gas must be prevented fiom lea\ing the blood, as 
the variations in the hydrogen ion concentration are mainlj due to changes in 
the carbonic acid content of the blood 

When the necessary precautions are taken to avoid these fallacies the method 
is sufficiently accurate to enable one to determine the variations due to altera 
tions in respiration if these alterations be of a sufficiently marked character 

It may readily be shown that the concentration falls after a period of pro 
longed pulmonary ventilition and rises again during the period of apnoea If 
the peiiod of ventilation with air be succeeded by a short peiiod with 10 per 
cent carbonic acid in air, then the usual fall in concentration does not occur, 
and so there is no resultant apnoea 

The fall that is pioduccd aftei ventilition with iiih oxvgen holding mixtures 
IS of the same degree as that observed after inflation with an To show the 
degree of the changes in H concentration an example may be given 

Before ventil ition the hydrogen ion concentration of the blood was 
3715 X 10 N, while after fifteen minutes’ ventilation with air, followed by two 
minutes and fifteen seconds with oxygen, the concentration was 1995 x 10~’N 
An apnoBic pause of three minutes ten seconds’ duration followed the ventilation 
period, and at the close of this the concentration had iisen to 3548 xl0~’ N 
Ten minutes later when breathing was again of normal character the concen 
tration had risen to 3890 X 10“’ N 

In certain rare cases ventilation does not produce the usual fall, and when 
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this IS the case no apnoeic pause is to be observed The probable reason for this 
departure from the normal is that, although the ventilation has produced a 
removal of carbonic acid from the blood, the fall in hydrogen ion concentration 
IS prevented by a formation of acid products of incomplete combustion 


3 The Action of the Venom of some Australian Snakes on the 
Corpuscles of some Bloods By Professor D A Welsh, M D , 
and Di H G Chapman 


4 A Companion of the Aciiiity of Extracts of the Pais Intermedia 
and Pais Neivosa of the Ox Piiviiary By Piofessoi P T 
Herring, M D , F B C P E 

It is possible to remove from the posterior lobe of the fresh ox pituitary with 
the aid of a fine pair of curved scissors small quantities of the epithelium of the pars 
tniermedta The material thus obtained from a number of pituitanes was dried, 
powdered in a mortar, and made up by boiling in Ringer’s solution into extracts of 
definite percentages of the dried epithelium Pars nervosa was similarly isolated 
and prepared 

The extracts were tested upon the virgin rat’s uterus, the method employed being 
a modification of Kehrer’s and Dale’s procedures The extracts were also tested 
upon the mammary secretion of lactating rats, and upon the blood pressure, kidney 
volume, and secretion of urine in cats 

The extracts of both pars intermedia and pars nervosa exercise a powerful stimu 
lating effect upon the uteius and the secretion of milk, but the pars nervosa gives 
the stronger action in each case By a comparison of the action of different strengths 
of extracte it is found that the pars nervosa is from two to five times as powerful in its 
effects as pars intermedia Very minute doses are active , immersion of the uterus 
for 15 sec in 0005 per cent of the dned pars nervosa results in a well marked con 
traction The skate pituitary, in which there is no pars nervoia^ also yields a material 
which acts on the uterus and mammary secretion in a similar manner The pure 
pars glandvlaris of the anterior lobe of the ox pituitary has no such action It is 
probable, therefore, that the active material has its origin in the epithelial cells of 
the pars intermedia Many of these cells invade the pars nervosa, undergoing an 
alteration there into hyaline bodies, which are very numerous m the pars nervosa 
of the ox pituitary 

Extracts of the pais intermedia show no specific action upon the blood pressure, 
kidney volume, and unnary secretion of cats, even in doses of a 5 per cent extract 
of the dried epithelium Extracts of skate’s pituitary are similarly inactive Ex 
tracts of the pars nervosa on the other hand give marked effects even in very minute 
doses The injection into the jugular vein of 2 c c of a 01 per cent extract of dried 
pars nervosa gives a typical prolonged nse of blood pressure, gieat dilatation of the 
kidney, and increase of the secretion of unne A similar dose of a 001 per cent? 
extract shows a slight action of the same nature 

The evidence points to there being at least two separate active principles in the 
postenor lobe of the pituitary body The one, denved from the pars intermedia, 
acts upon the uterus and mammary gland, the other, found only in the pars nervosa, 
brings about the rise of blood pressure, and acts specifically upon the kidney dilatmg 
its blood vessels, and causing increased secretion of unne 

The principle which acts sjiecifically on the kidney may be derived from the 
ependyma cells of the pars nervosa but this is unlikely Extracts of no other part 
of the central nervous system, e g , the fUum terminate of the spinal cord, have any 
such action It is more hkely that the matenal is denved in some manner from a 
further breakmg down of the hyaline bodies, and has, therefore, its ultimate source 
also from the epithelial cells of the pars intermedia 

The expenses of this research have been borne by a grant from the Carnegie Tnist 


6 The Influence of the Thyroid upon the Activity of the Suprarenals 
and Pitmtary Body By ProfeflRor P T Herring, M D , 
FRC PE 
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Qy, 0 Freezing-point of the Lalced Red Blood Corpuscles of Man 
»>arp ^ some Domesticated Animals By Dr H G Chapman 

If a mixture of blood and 0 9 per cent NaCl be subjected to immediate 
microscopical examination the red corpuscles are seen to be crenated When 
less concentrated solutions of salt are used^ crenated corpuscles are numerous 
until the concentration of salt falls below 0 56 per cent Laking of the 
corpuscles commences when the concentration of the salt falls below 0 65 per 
cent 

Measurements of the freezing point of laked solutions of the red corpuscles, 
separated in the centrifuge, have been made by Beckmann’s apparatus These 
freezing points have been invariably higher than those of the serum of the same 
sample of blood When the corpuscles have been washed with salt solutions 
of different concentrations, the freezing points of the solutions of the laked 
corpuscles have risen after each washing After three washings with an equal 
amount of salt solution, the freezing points of the solutions of tho washed 
coipuscles have risen about 0 2^ G When, however, the red corpuscles are 
washed with salt solution saturated with tri basic calcium phosphate, the 
freezing points of the solutions of red corpuscles remain constant aftei each 
washing 

The concentration of the contents of the coipuscles is diminished by washing 
with salt solution, but not by washing with salt solution saturated with calcium 
phosphate 


7 Precipiiin Reactions in Pathological Human Urines 
By Cybil Shell&hl\r 

Demonstration of precipitin reactions to human serum — 

(ci) Albummous urme 1 Contauung high percentage albumm 

2 ,f low ,, „ 

(6) Eclamptic urine 1 , high „ „ 

2 ,, low ,, 


8 4 Contribution to the Psychology of Written Errors 
By Dr H T\sm\n Lovell 


9 Analysis of Conation By Di H T\b\i\N Lovell 


10 The Relation of the Feeling of Familiarity to Belief 
By Di H Muscic 


11 Mind and Matter By Di L\w 
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Smiion K— botany 

Pbl&idlni oi iiiL SiciioN — Piofefesoi F O Bo\\lr, D Sl , F B S 


The Piesideiit deli\eicd the following Addiess at Sydney, on hiidav, 
August 21 — 

To pre‘«ide ovei the Botanic dl Section on the occasion of its fiist Meeting in 
Australia is no slight honour^ though it also imposes no small i esponsibility 
We Members from Great Biitain have a deep sense of the advantage which we 
deii\e fiom visiting these distant shores 1 am doubtful \\hethcr any scientific 
pi ofit we can confer by our coming here can balance that which w e receive , while 
over and above this is the personal kindliness of the Australian welcome, which 
on bohalt of the visitors oi this Section fiom the Old Couiitiy I take this oppor 
tiinity oi giatefully acknowledging Oi the Members of the British Association, 
those who puisue the Natural Sciences may expect to gam most by their experi 
dices here, and perhaps it is the Botanists who stand to come off best of all 
Living as most of us do in a countiy oi old cultivation, the vegetation of which 
has been controlled, traiisfoimed, and fiom the natural floiistic point of view 
ilmost ruined by the hand of man, it is with delight md expectation that we 
visit a land not yet spoilt To those who study Ecology, that bianch of the 
‘‘(lence which legards \egetation collectively as the natuial resultant of its 
external circumstances, the antithesu will come home with special strength, and 
the opportunity now before them of seeing Natuie in hti pristine state vmII not, 
I am sure, be thrown away 

I may be illowed here to expiess to the Australian Members of the Section 
my regret that the Presidency foi this occasion should not have fallen to one who 
could with unusual weight and knowledge have addressed them from the 
lloristic and geogiaphical point of view I mean, to Piofessor Bayley Balfour, 
of Edmbuigh, who was actually invited by the Council to preside He could 
have handled the subject of your iich and jieculiar Floia with detailed know 
ledge, and, with the true Hookeiiaii touch, he would have pictured to you in bold 
outlines its relation to piesent pioblems Failing such equipment I may at least 
claim to have made some of youi laie and peculiai forms the subject of special 
study at intervals spiead over thiity yeais foi it was in 1884 that I was supplied 
with living plants of Phylloglossum by Baron Feidinaiid von Muller, while a 
paper to be published this year contains details of a number of Feins kindly 
sent to me by various collectois from New Zealand I have been personally 
interested moie especially in your raie Pteiidophytes, isolated suiviv’^als as they 
surely are of very ancient vegetation I piopose to indicate later in this Addres^, 
some points of inteiest which they present But first I shall offer some more 
general remarks on the history of the investigation of the Austialian hlora, as 
a reminder of the recent death of Sir Joseph Hooker, whose work helped so 
greatly to promote a philosophical knowledge of the Flora of this quaitei of the 
globe 

Few, if any, of the laige aieas of the Earth’s suiface have developed their 
coat of vegetation under such inteiesting conditions as that which beais the 
Australasian Flora In its comparative isolation, and in its iieedorn from the 
distuibing influence of man, it may be held as unique We may picture to our 
‘elves the field is hiving been open to evolution iiy tendencies, unusinlly fiee 



PRESIDENTIAL ADDRESS 


661 


from tho incursion of competitive foreign types, and with its Flora shaped and 
determined through long ages in the mam by climatic influences Naturally the 
controlling effect of animal life had been present throughout, as well as that of 
parasitic and tungal attack , but that potent artiflcial influence, the hand of man, 
was less effective here than in almost any other area The aborigines were not 
tillers of the soil in their digging for roots and such like actions they might 
rank with the herbivorous animals, so far as they affected the vegetation 
Probably the most powerful influence they exercised was through fire And so 
the conditions remained, the native Flora being practically untouched, till the 
visit of Captain Cook in 1770 for little account need be taken of the handful of 
specimens collected by Dampier in the seventeenth century 

Captain Cook shipped with him in the Endeaiour a very remarkable man, 
vi/ , Joseph Banks, whom Di IMaidon has desciibed as ‘the bather of Australia ' 
He not only acted as the scientific director of the expedition, but he was also its 
financier Educated at Eton and Oxfoid, he found himself as a young man 
possessed of an ample fortune Though devoted to field sports, he did not, like 
so many others, spend his life upon them hollowing the dictates of a taste early 
awakened in him, he turned his attention to travel for scientific ends His 
opportunity came when Cook was fitting out the Endeavour for his fiist voyage 
to the Southern Seas Banks asked leave of the Admiralty to join the expedi 
tion, which was granted, and he fuinibhed all the scientific stores and a staff of 
nine persons at his own expense 

Ihe story of that great expedition of 1768 to 1771 is given in ‘ Cook s Voyages,* 
compiled by Dr Hawkesworth, a book that may be found in every library 
1 hough it IS evident throughout that Banks took a leading part in the observa 
tional work of the expedition it has not been generally known how deeply 
indebted Hawkeswoith was to Banks for the scientific content of his story This 
became apparent only on the publication of Banks* own Journal 125 years after 
the completion of the \ oyage The circumstances of this have a local interest, so 
I may be excused for briefly relating them 

Banks’ papers, including the MS Journal, passed with his libiary and 
Herbarium on his death to his libraiian, Robeit Brown On the death of the 
littei they remained in the British Museum But after lying there for a long 
period they were claimed and removed by a member of Banks’ family, and were 
put up toi auction The Journal was sold for 'll 2b 6c/ , and the last that has 
been heard of it is that it came into the possession ot a gentleman in Sydney 
Perhaps it may be lying within a short distance ot the spot where we are 
now met This valuable record, fit to rank with Darwin’s ‘Voyage of the 
Beagle* or Moseley s account of the ‘ Voyage of the Challenger* might thus have 
been wholly lost to the public had it not been for the care of Dawson Turner, 
who hid tho original ti inscribed by his daughters, helped by his grandson, 
Joseph Dalton Hooker Ihe boy was fascinated by it, and doubtless it helped to 
stimulate to like entei puses that botanist to whom Australia owes so much Tho 
copy thus made remained in the British Museum Finally, from it in 1896 Sir 
Joseph Hooker himself edited the Journal, in a slightly abridged form It is now 
apparent how very large a shaie Banks actually took in the observation and 
lecoiding, and how deeply indebted to him was the compilei of the account of 
the voyage published more than a centuiy eailiei, not only for facts, but even for 
lengthy excerpts 

The plants collected ni Viisti ilia b> this expedition amounted to ^ome 1,0(X) 
species, and with Banks* Herbarium thej found, after his death, a home in the 
Biitish Museum Several minoi collections were subsequently made in Australia, 
but the next expedition of prime impoitance was that of Flinders in 1801 to 
1805 What made it botanically notable was the presence of Robert Brown 
Hookei speaks of this voyage as being, ‘ as far as Botany is concerned, the most 
important in its results ever taken * The collections came from areas so widely 
apart as King George’s Sound, Southern Tasmania and the Gulf of Carpentaria 
These, together with Banks* plants and other minor collections, formed the 
foundation foi Bi own’s ‘ Prodromus Florae Novae Hollandiae,* a work which was 
described in 1860 bv Sii Joseph Hooker as being * though a fragment the 
greatest botanical work that has ever appeared * It was published in 1810 I 
must pass ovei without detailed lemark the notable pioneer woik of Allan 
Chiiiinngham, and of some otheis The next outstanding fact in the history of 

1914 O O 
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Austialian Botany was the voyage of Ross, with the Enbub and the Terror , for 
with him was Joseph Hooker, whose botanical work gave an added distinction to 
an otherwise remarkable expedition 

The prime object of the voyage was a magnetic survey, and this determined 
its course But in the intervals of sailing the Antarctic Seas the two ships 
visited Ascension Island, St Helena, the Cape, New Zealand, Australia, Tas 
mania^ Kerguelen Island, Tierra del Fuego, and the Falkland Islands Thus 
Hooker had the opportunity of collecting and observing upon all the great cir 
cumpolar areas of the Southern Hemisphere He welded together the results into 
his great woik * The Antarctic hloia * It was published in six large quarto 
volumes In them about 3,000 species are desciibed, while on 530 plates 1,096 
species are depicted, usually with detailed analytical drawings But these mag 
nificent volumes did not merely contain reports of explorations, or descriptions 
of the many new species collected There was much more than this in them 
All the known facts thit could be gathered were imorporated, so that they 
became s> stematicdlly elaborated and complete Floias of the seveial countries 
Moreover, in the last of them, the ‘Flora Tasmariiaj,* there is an Introductory 
Essay, in which the Australasian Flora was for the first time treated as a whole, 
and its probable origin and its relation to othei Floras discussed Further, ques 
tions o'f the mutability and origin of species were ilso laised in it The air was 
full of such questions in 1859, the essay was completed in November of thatyeai, 
less than twel\e months after the joint communications of Darwin and Wallace 
had been made to the Linnean Society, and befoie the ‘ Origin of Species * was 
published It was to this essay that Darwin leferied when he wrote tint 
‘ Hooker has come lound, and will publish his belief soon * But this publication 
of his belief in the mutability of species was not meiely an echo of assent to 
Darwin’s own opinion It was a leasoned statement, advanced upon the basis 
of his ‘own self thought,’ and hib own wide systematic and geogiaphical experi 
ence From these sources he diew suppoit for ‘ the hypothesis that species aie 
deiuatne and mutable ’ He points cut how the nituial history of Austialia 
seemed specially suited to test sucli a theoiy, on account of the compaiatiNO 
uniformity of the physical featuies being accompanied by a gieat \aiiety in its 
Floia, and the peculiaiity of both its Fauna and Flora, as compaied with other 
countiies After the test had been made on the basis of the study of some 
8,000 species of plants, their characters, their spread, and then relations to those 
of other lands. Hooker concluded decisnely in favour of mutability, and t 
doctiine of piogression After reading this essay, Darwin wiote that it was to 
his judgment ‘by far the grandest and most inteiesting essay on subjects of the 
nature discussed I have evei read * 

But beyond its historical inteiest in rel ition to the ‘Oiigin of Species,’ 
Hooker’s essay contained what was up to its time the most scientific treatment 
of a large area from the point of view of the Plant Geographei He found that 
the Antarctic, like the Arctic Flora, is veiy uniform round the Globe The same 
species in many cases occur on every island, though thousands of miles of ocean 
may inter\ene Many of these species reappear in the mountains of bouthern 
Chill, Austialia, Tasmania, and New Zealand The Southern Temperate Floras, 
on the other hand, of South America, South Africa, Australia, and New Zea 
land difter more among themselves than do the Floras ot Europe, Noithein 
Asia, and North America To explain these facts Hookei suggested the probible 
former existence, during a waimer period than the present, of a centre of 
creation of new species in the Southern Ocean, in the form of either a con 
tinent or an archipelago, from which the Antarctic Flora radiated From the 
zoological side a similar difficulty aiises, and the hypothesis of a land connec 
tion has been widely upheld, and that it existed as late as Mid Tertiaiy 
times The theoiy took a more definite form in the hands of Osborn (1900), 
who pictured relatively narrow strips of land connecting respectively South 
America on the one side and Tasmania and New Zealand on the other with 
the existing Antarctic land area This would accord well enough with the 
suggestion of Lowthian Green, that the plan of land elevations on the Earth is 
approximately tetrahedral , and it is, I believe, in line with the views of those 
who are best infoimed on Antarctic Geography and Geology, as studied from 
the land itself It may be hoped that further Antarctic discovery may bring 
fresh facts to bear upon this question, for it is to the positive data acquired from 
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study of the Earth’s crust that we must look, rather than to the exigencies of 
botanists and zoologists, for its final solution 

But the hypothesis of an Antarctic Land Connection has been held open to 
doubt in various quarters As Sir Wm Thisellon Dyer has recently pointed out, 
Darwin himself dissented, though regretfully, from the sinking of imaginary 
continents in a quite reckless manner, and from the construction of land bridges 
in every convenient direction From the geological side Dana laid down the 
positive proposition that the Continents and Oceans had their general outline and 
form defined in earliest time Sir John Murray, whose recent death we so deeply 
deplore, was an undeniable authority as to the Ocean floor He wrote quite 
recently with regard to Gondwana land, that ‘ the study of Ocean depths and 
Ocean deposits does not seem in any way to support the view that continental 
land has disappeared beneath the floor of the Ocean in the manner indicated ’ 
He suggested that the present distribution of organisms is better interpreted 
by the North Polar theory of origin The * continuous current of vegetation * 
southward at the present time was recognised by Hooker himself, and definite 
streams of northern forms have been traced by him extending even to Australia 
and Tasmania This might account for much in present day distribution , though 
it seems doubtful whether it would fully expliin the extraordinary distribution 
of Antarctic Plants The problem must for the present remain an open one 

This whole question, however, has a connection with the still wider difficulty 
of the existence within the Polar area of ancient Floras In the north the 
fossils are even of sub tropical character Coal has been found in lands with a 
five months* night How did such plants fare if the season il conditions weie at 
all like the present’ To explain this it would be a physiological necessity to 
assume eithei an entirely different climatal condition in those regions fiom that 
of the present time, or, as has been suggested, some shifting or creeping of the 
farth’s ciust itself These aic howevei questions whnh we cannot undeitake 
to discuss with effect in the Botanical Section We must not do more than 
lecognise that an unsolved difficulty exists 

We pass now from Hooker’s gieat work to the last of the classical senes viz 
the ‘ Flora Australiensis ’ of Bentham and Baron Ferdinand von Muller It is 
embodied in seven volumes, and was completed in 1878 Bentham while assent 
ing in his ‘concluding preface’ to the principles laid down by Hooker in the 
Tismanian Flora, recognised as the chief component pait o-f the present Hora 
of Australia the indigenous genera and species, originated or differentiated in 
Australia, which nevei spread far out of it Secondly, an Indo Australian Flora 
showing an ancient connection between Australia and the lands lying to the 
noith Tt is represented especially m tiopical and subtropical East Queens 
land Then theie is the Mountain Flora common to New Zealand, and extend 
mg generally to the southern extra tropical and mountain regions, while other 
constituents are ubiquitous maritime plants, and those which have been intio 
duced since the European colonisation But the most remarkable, as they are 
the least easily explained aie some few plants identical with species from North 
and West Ameiica, and from the Mediterranean They are stated to be chiefly 
annuals, or herbaceous or shrubby plants , free seeders , while then seeds long 
retain the ipow er of germination This may perhaps give the clue to this curious 
conundrum of distribution 

It has been fortunate that the dutj of working out this remaikable Flora 
should have fallen into the hands of such masters as Robert Biown Sir Joseph 
Hooker, and Bentham The foundations were thus surely laid The further 
progress of knowledge has been carried on by the late Baron Ferdinand von 
Muller, and it may be confidently left m the hands of others who are still with 
us The completion of the task of observing and recording may still be far 
ahead But I ma> be pardoned if I utter a word of anticipatory warning 
There is at the present time a risk that the mere work of tabulating and defining 
the species in a given country may be regarded as the only duty of a Government 
Botanist, that, whenever this is completed, his occupation will be gone Some 
such erroneous idea, together with a short sighted economy, is the probable 
explanation of the fact that certain positions hitherto held by professional 
botanists have recently been converted into positions to be held by agriculturists 
Tn the countries where this has happened (and I refer to no part of Australasia) 
the vegetation had been very adequately, though not yet exhaustively, worked, as 
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legards the Flo^^erlng Plants and Ferns But who that knows anything about 
plants would imagine that the ascription to a genus or oider^ or the designation 
by a couple of Latin names with a brief specihc description, exhausts what it 
IS imiportant to know about a apecies^ In most cases it is after this has been 
done that the real importance of its study begins Such possibilities as these 
do not appear to have been appreciated by those who advised or conti oiled 
these official changes I have no desire to undervalue the agriculturist or the 
important work which he does But he is engaged in the special application 
of various pure sciences, rather than in pure science itself Advance in the 
prosperity of any country which has progressed beyond the initial stages of 
settlement follows on the advance of such knowledge as the devotee of Pure 
Science not only creates, but is also able to inculcate in his pupils It is then 
imperative that, in any state which actively progresses, provision shall be made 
for the pursuit of pure as well as of applied science In my view an essential 
mistake has been made in changing the character of the appointments in question 
from that of botanists to that of agriculturists For the change marks the 
abandonment of Pure Science in favour of its specialised and local application 

The head of such an institution should always be a representative of Pure 
Science, thoroughly versed in the nascent developments of his subiect He could 
then delegate to specialists the w^ork of following out into detail such various 
lines of special application is Agriculture, Acclimatisation, Plant Breeding, 
Forestry, or Economics Or, if the organisation were a large one, as we may 
anticipate that it would become in the Capital of a great State, separate 
Institutes might develop to serve tlie several applied branches, while to a 
central Institute, in touch with them all, might be leserved the duty of ad vane 
ing the Pure Science fiOim which all should draw assistance and inspiration 

It matters little how this principle works out in detail, if only the principle 
itself be accepted, viz , that Pure Science is tJie fount fiom which the practical 
applications spring Sydney, as the Capital of a great State, has already laid 
her course, as regards Botanical Science, in accordance with it Her Botanic 
Garden and the lecently developed Botanical Department in the University 
(which, I understand, may find its home ultimately in the Botanic Garden) will 
serve as centres of study of the Pure Science of Botany This will readily 
find its application to Agriculture, to Forestry, to Economics, and in various 
other lines present and future T am convinced that it is in the best interest 
of any State that can possibly afford to do so to encourage and liberally endow 
the central establishment where the Pure Science of Botany is pursued, and to 
continue that encouragement and endowment, even though results of immediate 
practical use do not appear to be flowing from it at any given moment Foi in 
these matters it is impossible to forecast what will and what will not be 
eventually of practical use And in any case as educational centres the purely 
botanical establishments will always retain their important function of supplying 
that exact instruction, without which none can pursue with full effect a calling 
in the applied branches 

We may now turn from generalities to certain special points of inteiest in 
your peculiar Flora which happen to have engaged my personal attention They 
centre round a few rare and isolated plants belonging to the Pteridophyta, a 
division of the Vegetable Kingdom which there is eveiy reason to believe to 
have appeared relatively early in the history of Evolution But though the type 
may be an ancient one, it does not follow that every representative of it preserves 
the pristine features intact Throughout the ages members of these early 
families may themselves have progressed And so among them to day we may 
expect to find some which preserve the ancient characters more fully than others 
The former have stood still, and may be found to compare with curious exacti 
tude with fossils even of very early date The latter have advanced, and though 
still belonging to the ancient family, are by their modifications become essentially 
modern representatives of it For instance, the Fern Angtoptens has a sorus 
which very exactly matches son from the Palaeozoic period, and it may accord 
ingly be held to be a very ancient type of Fern On the other hand, the genera 
Asfiemum or Poly^odiurrij include Ferns of a tvpe which has not been recognised 
from early fossil bearing rocks, and they may be held to be essentially modern 
But still all of them clearly belong to the family of the Ferns 

In the Australian Flora only three of the four divisions of the Pteridophyta 
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are represented For, curiously enough, there does not appear to be any species 
on your Continent of the widely spread genus Equisetum, the only living genus 
of that great phylum of the Equisetales, which figured so largely in the Palseozoic 
Period , and this notwithstanding that one species {E debtle) is present among 
the Polynesian Islands But all the three other divisions of the Pteridophyta 
are included, and are represented in each case by plants which show peculiar 
and probably for the most part archaic characters I propose to sketch before 
you very briefly the points of interest which the more notable of these archaic 
types present Some justification may be found for my doing so because 
nearly all of them have been submitted to detailed study in my laboratory in 
Glasgow, and much ot the work has been done upon material supplied to me 
by your own Botanists I take this opportunity of offering to them collectively 
my hearty thanks 

The tenure by Dr Treub of the ofldce of Director of the Botanic Gardens of 
Buitenzorg was rendered famous by his personal investigations, and chiefly by 
his classical lesearches on the Ly copods These were followed up by other 
workers, and notably by Bruchmann, so that we now possess a reasonable basis 
for comparison of the different types of the family as regards the prothallus and 
embryology, as well as of the sporophyte plant , and all these characters must be 
bi ought together as a basis for a sound conclusion as to their phyletic seriation 
The most peculiar living Ly copods are certainly Isoetes and Phijlloglossum, both 
of which are found m Australia The former need not be specially discussed 
here, as it is a piactically world^wide genus It must suffice to say that it is 
probably the nearest living thing to the fossils Lepidodendron and StgtUanay 
and may be described as consisting of an abbreviated and partially differentiated 
Lepidostrohus seated upon a contracted stigmarian base 

But Phylloglossuvif which is peculiar to the Australasian region, naturally 
claims special attention The plant is well known to botanists as regards its 
external features, its annual stoiage tuber, its leafy shoot wHh protophylls and 
loots, and its simple shaft bearing the short strobilus of chaiactenstic Lycopod 
type But its prothallus has never been properly delineated, though it was 
verbally described hy Dr A P W Thomas in 1901 (Proc Roy Soc , vol 69, 
p 285) Perhaps the completed statement may have been leserved as a pleasant 
surprise for this Meeting But the desciiption of thirteen years ago clearly 
shows its similarity to the t\pe of Lycopodium ternuum The sporophyte com 
pares rather with L niundatum Both of these are species which, though 
probably not the most piimitive of the genus, aie far from being the most 
advanced As all botanists know, the question of the position of Phylloglos^um 
chiefly turns upon the view we take of the annual tuber and its protophylls 
Treub, finding simihi conditions in certain embryos of Lycopods, called it a 
‘ protocol m,’ and believed that he lecognised in it an organ of archaic nature, 
which had played an important part in the e iily establishment of the sporo 
phyte 111 the soil, phvsiologically independent of the prothallus I must not 
trouble >ou here with the whole argument in legard to this view Facts which 
piofoundly affect the conclusion are those showing the inconstancy of occurrence 
of the organ Air Holloway has recently desciibed it as of unusual size in your 
native L lafcrale, as it is also in L cermnim But it is viitually absent in those 
species which have a laige intrapiothalliil foot, siuh as L claiatumy as well as 
in the genus Sdagtnella and m Isoetes In L Selago which on other grounds 
appears to be piimitive theie is no ‘ piotocoim * Such facts appear to me 
to indicate ciution They suggest that the * protocol m* is an opportunist local 
swelling of inconstant occuiience, which, though biologically important in some 
cases, IS not really primitive 

If this IS the comparative conclusion, then our view will be that Phylloglossum 
IS a type of Lycopod which has assumed, perhaps relatively recently, a very 
practical mode of annual growth Related, as it appears to be on other points, 
with the L innndatum group of species, it has bettered their mode of life 
L muridafum die-» off each yeai to the very tip of its shoot, so that only the 
bud lemains to the following season It is notable that Goebel has described 
long ago how the young adventitious buds of this species start with small 
‘ piotocorms,’ quite like those of Phylloglossum itself, or like the embryo of 
Tj rernuum And 'So wo may conclude that in Phylloglossum a tuberous develop 
incut, containing a btoio to start the plant in the spiing, has been added to what 
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IS already seen normally each yeai m L inundatam And this mode of life of 
Phyllogloaaum begins^ as Thomas has shown, with its embryo This appears 
to me to be a rational explanation of the 'protocorm* of Phyllogloasum , but it 
robs the plant of much of its theoietioal interest as an archaic form 

The phylum of the Sphenophy Hales was originally based on certain slender 
straggling plants of the genus Sphenophyllum found in the Paleeozoic Bocks , 
but Siey apparently died out in the Permian Period Your native genera 
Tmesipterts and Psilatum were ranked by earlier botanists with the 
Lycopods, but a better acquaintance with their details, and especially the 
examination of numerous specimens on the spot, indicated a nearei affinity for 
them with the Sphenophyllales It was Professor Thomas who in 1902 first 
suggested that the Psilotacese might be included with the Sphenophyllse in the 
phylum of the iSphenophyllales, and I personally agiee with him Dr Scott, 
however, dissents, on the ground that the leaves are persistently whorled in the 
sphenophylls, while they are alternate in the Psilotaceae, and while the former 
branch monopodially the latter dichotomise But since both of these characters 
are seen to be vaiiable within the not fai distant genus LycopodtUTn, the differ 
ences do not seem to me to be a sufficient ground tor keeping them apart as the 
separate phyla of Sphenophyllales and Psilotales Whatever degree of actual 
relation we trace, such plants as Tmesipterts and Psilotum are certainly the 
nearest living representatives of the Sphenophy Ileae, a fact which gives them a 
special distinction The Psilotacece also stand alone in the fact that they are 
the only family of the Pteridophytes in which the gametophyte is still unknown 
They produce spores freely, but there the stoiy stops Any young Australian 
who hits upon the way to induce these recalcitrant spores to geiminate, and to 
juoduce prothalli and embryos, or who found their piothalli and embryos in the 
open, would have before him a piece of work as sensational as anything that 
could be suggested Furthei, I am told that Tmesipteris grows here on the 
matted stumps of Todea harhara I shall be alluding shortly to the fossil 
Osmundaceae May we not venture to fancy the possibility of some fossil 
Osmunda being found which his embalmed for us among its roots a Mesozoic 
or even a Tertiary Spheno.phylP And thus a link might be found between the 
PaldBOzoic types and the modern PsilotaceTB, not only in time, but even in 
character 

We pass now to the last phylum of the Pteridophyta, the Filicales I am 
bound to say that for me its interest fai outweighs that of the others, and for 
this reason That it is represented by far the largest number of genera and 
species at the present day, while there is a sufficiently continuous and rich 
succession of fossil foinis to serve as an efficient check upon our comparative 
conclusions 

feince 1890 it has been generally accepted that the Eusporangiate Ferns (those 
with more bulky sporangia) were phyletically the more primitive types, and the 
Leptosporangiate (those with more delicate sporangia) the derivative, and in 
point of time later The fossil evidence clearly upholds this conclusion But, 
further, it has been shown that the chaiacter of the sporangium is merely an 
indicator of the general constitution of the plants in question Where it is 
large and complex, as in the Eusporangiates, all the apical segmentations are, 
as a rule, complex, and the construction of the whole plant relatively bulky 
Where the sporangium is delicate and relatively simple all the apical segmenta 
tions follow suit, and the construction of the plant is on a less bulky model 
On this basis we may range the herns loughly as a sequence, starting from 
relatively bulky tviies of the distant past, and progressing to the more delicate 
types of the present day The large majority of the living species belong 
naturally to the latter But the former are still represented by a few genera 
and species which, like other survivals fiom a distant past, are frequently of 
very restricted distribution 

An interesting feature of the Australasian Flora is that a considerable 
number of these relatively ancient forms are included in it Thus the 
Marattiaceae are represented by one species of Marattin and one of Angioptens 
Though 111 themselves interesting, they will be passed over without special 
remark, as they aie veiy widely spread tropical forms 

All the three genera of Ophioglossaceas are included, theie being two species 
of Ophioglossum and two of Botrychium^ while Helmmthostachys is recorded 
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from Bockingham Bay This Family is coming more than ever to the front m 
our comparisons j owing to their similarity in various aspects to the ancient 
Botryopterideae Though the Ophioglossacese have no secure or consecutive fossil 
history, still they may now be accepted as being very primitive but curiously 
specialised Ferns Perhaps the most interesting point recently detected in them 
is the suspensor found by Dr Lyon in Botrychium ohliquum^ and by Dr Lang 
in Helminthostachys This provides a point for their comparison with iiie 
similar embryonic condition in Dana a , as demonstrated by Professor Campbell 
The existence of a filamentous initial stage of the embryo is thus shown for 
three of the most primitive of living Ferns Its existence in all of the Bryo 
phytes, and in most of the Lycopods, as well as in the Seed Plants, is a very 
significant fact Dr Lang suggests that * the suspensor represents the last trace 
of the filamentous juvenile stage in the development of the plant, and may have 
persisted in the Seed Plants from their filicineous ancestry * Such a possibility 
would fit singularly well with the theory of encapsulation of the sporophyte in 
the venter of the archegonium 

The representation of the ancient family of the Osmundacesc in the Australasian 
Flora is very fine, though limited to five living species, while Osmunda itself 
IS absent It is, however, interesting that the family dates back locally to early 
fossil times It was upon two specimens of Osmundites from the Jur issic Bocks 
in the Otago district of New Zealand that the series of remarkable papers on 
‘The Fossil Osmundaceap* by Kidston and Gwynne Vaughan was initiated It 
IS no exaggeration to say that these papers ha\e done more than any other 
recent researches to promote a true understanding not only of the Osmundacese 
themselves, but of Fern Anatomy as a \vhole They ha\e placed the stel ii 
theory in Ferns foi the first time upon a basis of compaiison, checked by refer 
ence to stratigraphical sequence It would be leading us too fai for me to 
attempt here to summarise the important results which ha\e sprung fiom the 
study of those fossils, so generously placed by Mr Dunlop in the hands of those 
exceptionally able to turn them to account It must suffice to say that it is now 
possible to trace as a fairly continuous story the steps leading from the proto 
stelic state to the complex condition of the modern Owwindn Those facts ^nd 
conclusions are to be put in relation with the anatomical data f ist accumulating 
from the Ophioglossaceae in the hands of Piofessor Lang and otheis From 
such compaiisons a rational explanation of the evolutionary steps leading to the 
complex stelar state in Ferns at large begins to emeige This is no meie tissue 
of surmises, for the conclusions aie based on detailed compaiison of t^pes occur 
ring in lower horizons ith those of the present day 

I must pass oier with merely nominal mention vour inteiesting repiosonta 
tion of the ancient families of Schizopaceai Gleichenixceoe, and Hjnienoplnll icei 
all of which touch the very foundations of my pliyletic system of Ferns Also 
the mignificent airay of Dicksonie'e anc^ Cyathene, and of the impoitant genus 
Tjindmya — Ferns \vhic.h take a lather higher position in point of view of 
descent But I am bound to devote a few moments to one of your most remaik 
able herns, endemic in New Zealand — the monotypic Loxwma 

This species has peculiar characters which justify its being regarded system 
atically as the sole representative of a distinct Tribe It is also restricted 
geographically to the North Island of New Zealand These facts at once sug 
gest thit it IS an ancient suivival, a conclusion with which its solenostelic axis, 
its sorus and sporangium, and its prothallus readily accord I have lately shown 
that the Leptosporangiate Ferns fall into two distinct Senes, those in which the 
origin of the sorus is constantly superficial, and those in which it is as con 
stantly marginal Loxsoma is one of the ‘ Marginales * It shaies this position 
with the Schizaeacese, Thyrsopterideoe, Hymeiiophj llaceoe, and Dicksonieae, and 
the derivatives Davallieae and Oleandreai Its nearest living relative is probably 
Thyrsoptcris, which is again a monotypic species endemic in the Island of Juan 
Fernandez There is also a probable relation to the genus Loxsomopsia, repre 
sented by one species from Costa Rica, and a second lately discovered in Bolivia 
Such a wide and isolated distribution of types, which by their characters aie 
certainly archaic, suggests that we see in them the relics of a Filicineous state 
once widely spread, which probably sprang from a Schizceaceous source, and 
with them represent the foreiunneis of the whole Maigmal Series If we look 
for fuither enlightenment from the fossils, it is to the Secondary Rocks that we 
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should turn It is then specially interesting that Mr Hamshaw Thomas has 
lately described a new Jurassic Fern, Stachy'ptens Halit y which has marginal 
son, and is probably referable to a position like that of Loxsoma and Thyrao 
pteris, between the bchiZceacese and the Dicksoniece In fact the gaps in the 
evolutionary series of the Marginales are filling up We may await with con 
fidence fresh evidence from the Jurassic Period, upon which Professor Seward is 
directing an intensive interest 

I should be ungrateful indeed if I did not mention your very full representa 
tion of Blechnoid Ferns for developmental material of several of these has been 
sent to me by Dr Cockayne, and others from New Zealand A wide com para 
tive study of the genus has led me to somewhat unexpected results in legard to 
the plasticity of the sorus, its phyletic fusions and disruptions The c onsequent 
derivative forms are seen in 11 oodwardia and Doodya on the one hand, and on 
the other in Scolopendrtum and isplemwn These Ferns together constitute a 
coherent phylum springing ultimately from a Cyatheoid source The details 
upon which this conclusion is based I hope to de&ciibe in a separate communica 
tion to the Section 

And lastly, the Hydropteridcae deserve brief mention Represented in your 
Flora by two species of Azolla^ and one each of Maradea and Pdularia, they 
typify a condition which must theoretically have existed among Ferns in very 
early times, viz , the heterosporous state But hitherto, notwithstanding the 
existence of our living Hydropterideae, no fossil Fern with microscopic structure 
preserved had been detected from the Primary Rocks, showing this intermediate 
condition between the homosporous type and that of the Pteridosperms This 
unsatisfactory position has now been resolved by Professor Lignier, who has 
recently described, under the name of Mtttaqia^ a fossil from the Lower West 
phalian, which bore son of which the spoiangia contained four megaspoies, 
while the outer tissues of the sporangia resembled those of Lagenoatoma 
Pending the discovery of furthei specimens, these observations may be welcomed 
as filling with all probability a conspicuous gap m the evolutionary sequence of 
known forms 

From the rapid survey which I have been able to give you of some of the moie 
notable Australasian Ferns of relatively archaic type, it is clear that they have a 
very interesting and direct bearing upon the phylesis of Feins The basis upon 
which conclusions as to phyletic sequence are ai rived at is at root that of the 
Natural System of Classific ition generally— -the recognition not of one character 
or of two, but of as many as possible, which shall collectively serve as criteiia ot 
compirison In the case of the Filicales we ma’v use the (haracteis oi — 


(i) Fxteinal foini 

(ii) Constitution, as shown by simple oi tomphx segnuiit ition 
(ill) Dermal appendages, bans or stales 

(iv) Stelar structure, simple or complex 

(v) Leaf trace, coherent or div ided 

(vi) Soral position 

(vii) Soral construction 
(viii) Indusial protections 

(ix) Sporangial stiucture, and meclianism of dehiscence 

(x) Spore output 

(xi) Spore form, and charactei of wall 

(xii) Form of prothallus 

(xiii) Position of the sexual organs, sunken or superficial 

(xiv) Number of spermatocytes, ind method of dehiscence 

(xv) Embryology 


In respect of all these criteria progressions of character may be traced as 
illustrated by known Ferns, and probably other criteria may emerge as study 
pi ogresses In each case, upon a footing of general comparison, checked as 
opportunity offers by reference to the stratigraphical sequence of the fossils, it 
may be possible to distinguish with some degree of certainty what is relatively 
primitive from what is relatively advanced Thus, the protostele is generally 
admitted to be more primitive than the dict>ostele, the simple hair than the 
flattened scale, and a high spore output than a low one 

Applying the conclusions thus ariived at in respect of the several criteria, it 
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becomes possible upon the sum of them to lay out the species and genera of Ferns 
themselves in series, from the primitive to the advanced In proportion as the 
progressions on the basis of the several criteria run parallel, we derive increased 
assurance of the rectitude of the phyletic sequences thus traced, which may finally 
be clinched, as opportunity offers, by reference to the stratigraphical occurrence 
of the corresponding fossils This is in brief the phyletic method, as it may be 
applied to Ferns It may with suitable variation be applied to any large group of 
organisms, though it is seldom that the opportunities for such observation and 
argument are in any sense commensurate with the requirements Perhaps there 
IS no group of plants in which the opportunities are at the moment so great as in 
the Filicales, and they are yielding highly probable lesults from its application 
The greatest obstacle to success is found in the prevalence of parallel develop 
ment in phyla which are believed to have been of distinct origin This is 
exemplified very freely in the Ferns, and the systematist has frequently been 
taken in by the resemblances which result from it He has grouped the plarts 
which «<how certain common characters together as members of a single genus 
Sir William Hooker in doing this merged many genera of earlier writers His 
avowed object was not so much to secure natuial a&iitv m his s>stem as readiness 
of identificition and consequently in the ‘Synopsis i ilicum ’ there are nominal 
genera which are not genera m the phyletic sense at all For instance. Poly 
podium and A( ro'^tichum, as theie defined, may be held from i phyletic point of 
view to be collective groupings of all such Ferns as have attained a certain state 
of development of their soius, and that they are not tiue genera in the sense of 
being associated by any kinship of descent this is shown by the collective 
characters of the plants as a whole Already at least four different phyletic 
sources of the Acrostichoid condition have been recognised, and probably the 
sources of the Polypodioid condition are no fewer Such ‘genera * represent the 
results of a phyletic drift, which may have affected similarly a plurality of lines 
of descent It will be the province of the systematist who aims at a true group 
ing according to descent to comb out these aggregations of species into their 
true relationships This is to be done by the use of wider, and it may be quite 
new, cnteiia of comparison Advances are being made m this direction, but we 
are only as yet at the beginning of the construction of a true phyletic grouping of 
the Filicales The more primitive lines are becoming clearer but the difficulty 
will be greatest with the distal branches of the tree For these represent 
essentially the modern forms, they comprise the largest number of apparently 
similar species, and in them parallel development has been most prevalent 

If this difficulty be found in such a group as the Filicales, in which the earlier 
steps are so clearly indicated by the related fossils, what are we to say for the 
Angiosperms^ Our knowledge of their fossil progenitors is very fiagmentarj 
But they are represented now by a multitude of foims, showing in most of their 
features an irritating sameness For instance, vascular anatom;^, that great 
resource of phyletic study in the more piimitive types, has sunk in the Angio 
speims to something like a dead level of uniformity Theie is little variety 
found in the contents of embryo sacs, m the details of feitilisation, or in 
embijology Even the ontogeny as shown in the seedling stages affords little 
consolation to the seeker after lecapitulation On the other hand, within what 
are clearly natural circles of affinity there is evidence of an extiaordinary readi 
ness of adaptability in lorm and structure ISuch conditions suggest that we see 
on the one hand the fai reaching results of parallel development, and on the othei 
the effects of great plasticity at the piesent day, oi in relatively recent times 
Both of these are points which prevent the ready tracing of phyletic lines In 
the ibsenro of leliable suggestions fiom paltontology the natural consequence is 
the current state of uncertainty as to the phyletic relations of the Angiosperms 
Various attempts have been or are being made to meet the difficulty Some, 
on the basis of the recent observations of Wieland and others, are attempting 
along more or less definite monophyletic lines to construct, rather by forcible 
deduction than by any scientific method of induction, an evolutionary story of the 
Angiosperms I do not anticipate that any great measure of success, beyond 
what IS shown in a very polysyllabic terminology, and an appearance of knowing 
more than the facts can quite justify, will attend such efforts It would seem 
to me to be more in accord with the dictates of true science to proceed in a 
different way, as indeed many workers have already been doing To start not 
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from preconceptions based upon limited palesontological data, but from an inten 
sive study of the living plants themselves To widen as far as possible the 
criteria of comparison, by making, for instance, every possible use of cellular, 
physiologico chemical, and especially secretory detail, and of minor formal 
features, such as the dermal appendages, or by initiating a new developmental 
morphology of the flower from the point of view of its function as a whole and 
with its physiological end clearly in sight, viz , the maturing, nourishing, and 
placing of new germs To make on some such basis intra ordinal, and intra 
generic comparisons with a view to the phyletic seriation of closely related forms , 
and so to construct probable short series, which may subsequently be associated 
into larger phyletic groupings This should be checked wherever possible by 
physiological probability A keen eye should be kept upon such information as 
geographical distribution and palaeontology may afford, and especially upon the 
fossils of the Mesozoic Period What is above all needed for success among the 
Angiospeims is new criteria of comparison, to meet the far reaching difficulties 
that follow from parallel development and recent adaptation If some such 
methods be adopted, and strenuously pressed forward, the task should not appear 
hopeless, though it cannot be anything else than an arduous one 

I cannot conclude without some remark on the bearing of parallel or conver 
gent development, so fully exemplified m the Filicales, upon the question of the 
genesis of new forms Anyone who examines, from the point of view suggested 
in this Address, the larger and well represented divisions of the Vegetable King 
dom must be impressed with the extraordinary dead level of type to which their 
representatives have attained In most of these divisions the phyletic history is 
obscured, partly by the absence of any consecutive palaeontological record, but 
chiefly by the want of recognised criteria for their comparison This is very 
prominently the case for the Mosses, and the Angiosperms 

But it may be doubted whether these large groups differ in any essential point, 
in respect of the genesis of their multitudinous similar forms, from the Filicales, 
m which the lines of descent are becoming clearer through additional knowledge 
Suppose that we knew of no fossil Ferns, and that none of the early Fern types 
included under the term ‘ Simplices * had survived in our living Flora and that 
the Filicales of our study consisted onlv of the 2 500 living species of the old 
undivided genera of Pohjpodmm, Asplentum, Asptfhumy and Acro^ttclnun Then 
the phyletic problem of the Filicales would appear as obscure as does that of the 
Mosses, or of the Angiosperms of the present day They would present, as these 
gieat gioups now do, an apparent deid level of sameness in tvpe, though the 
phyletic starting points in each may have been several and distinct There is 
every reason to suppose that in the phvlesis of the Mosses or the Angiosperms also 
there h is been a parallel, and even a convergent, development of the same nature 
as that which can be cogently traced in the Filicales but that it is obscured by 
the obliteration of the early stages Internal evidence from their comparati\e 
study fully justifies this conclusion How, then, are we to regard this insistent 
problem of parallelism and convergence from the point of view of genetic study ’ 
A belief in the ‘ inheritance of acquired characters,* or, as it is sometimes 
expressed, * somatic inheritance,* is at present out of fashion in some quarters 
But though powerful voices may seem to have forced it for the moment into the 
background, I would take leave to point out that such inheritance has not been 
disproved All that has been done, so far as I undei stand the position, is to show 
that the evidence hitherto advanced in support of it is insufficient for a positive 
demonstration That is a very different thing from proving the negative We 
hear of * Fluctuating Variations * as distinct from ‘ Mutations * , and it is 
asserted that the former are somatic, and are not inherited, while the latter are 
inherited This may be held as a useful terminological distinction, in so far as 
it accentuates a difference in the heritable quality But it leaves the question of 
the origin of these heritable * Mutations ’ quite open At the present moment I 
believe that actual knowledge on this point is very like a complete blank Fur 
ther, it leaves indefinite the relative extent and proportion of the ‘ Mutations * 
It IS commonly held that mutations are considerable deviations from type I 
am not aware that there is any sufficient ground for such a view It may 
probably have originated from the fact that the largest are most readiW observed 
and recognised as reappearing in the offspring But this is no justi&ation for 
ignoring the possibility of all grades of size or importance of heritable deviations 
from type 
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On the other hand, adaptation, with its consequence of parallel or even con 
vergent development in distinct stocks, is an insistent problem The real ques 
tion is, What causes are at work to produce such results ^ They are usually set 
down to the selection of favourable divergences from type out of those produced 
at random But the prevalence of parallelism and convergence suggests that 
those inheritable variations, which are now styled * Mutations,’ are not pro 
duced at random The facts enforce the question whether or not they are 
promoted and actually determined in their direction, or their number, or their 
quality, in some way, by the external conditions Parallelism and convergence 
in phyletic lines which are certainly distinct impress the probability that they 
aie Until the contraiy is proved it would, in my opinion, be wiser to entertain 
some such view as a working hypothesis than positively to deny it Such a 
working hypothesis as this is not excWitly the same as a * mnemic theory,* though 
it IS closely akin to it It may perhaps be regarded as the Morphologist’s pre 
sentation, while the mnemic theory is rather tliat of the Physiologist But the 
underlying idea is the same — viz , that the impress of external circumstance 
cannot properly be ruled out in the genesis of inheritable characters, simply 
because up to the present date no definite case of inheritance of observable 
characters acquired in the individual lifetime has been demonstrated Of 
course, I am aware that to many this is fiat heresy At this Meeting of the 
Association it amounts almost to high treason I plead guilty to this heresy, 
which may by any sudden turn of observation be transformed into the true 
faith I share it in whole or in pait with many botanists, with men who have 
lived their lives in the atmosphere of experiment and observation found in large 
Botanic Gardens, and not least with a former President of the British Associa 
tion — viz , Sir Francis Darwin 

It is noteworthy how large a number of botanists dissent from any absolute 
negation of the influence of the environment upon the genesis of heritable 
chaiacteis Partly this may be due to a sense of the want of cogency of the 
aigument that the insufiiciency of the positive evidence hitherto adduced 
lustifies the full negative statement But I think it finds its real oiigin in the 
fact tliat in Plants the generative cells are not segregated early from the somatic 
In this respect they diffei widely fiom that early segregation of germ cells in 
the animal body, to which Weismann attached so much importance The fact is 
tliat the constitution of the highei Plants and of the higher Animals is in this, 
as in many other points, radically different, and arguments from the one to the 
other are dangerous in the extreme Those who interest themselves in evolu 
tionary questions do not, I think, sufficiently realise that the utmost that can be 
claimed is analogy between the higher terms of the two kingdoms Then 
phyletic separation certainly dates from a peiiod prior to that of which we have 
any knowledge fiom the fossil record Let us give full w’^eight to this fact, as 
important is it is indisputable The early definition of germ cells in the animal 
body will then count for nothing in the evolutionary problem of plants More 
over, we shall realise that the plant, with its late segregation of germ cells, will 
present the better field for the inquiiy whether, and how far, the environment 
may influence or induce divergences from type From this point of view the 
widespread opinion among botanists that the environment in some sense deter 
mines the origin and nature of divergences from type in Plants should com 
mand a special interest and attention 

I must now draw to a close I have passed m review some of >our moie 
notable plants, and pointed out how the Australasian Flora, whether living or 
fossil, includes in unusual richness those evidences upon which the fabric of 
evolutionary history is being based I hav e indicated how this history in certain 
groups IS showing ever more and more evidence of parallel development, and that 
such development, or convergence presses upon us the inquiry into the methods 
of evolutionary pi ogress The illustrations I have brought forward in this 
address clearly show how important is the positive knowledge derived from the 
fossils m checking or confirming our decisions Palieophytoiogy is to be prized 
not as a separate science, as, with an enthusiastic view restricted between 
blinkers, a recent writer has endeavoured to enforce To treat it so would be 
to degrade it into a mere side alley of study, instead of holding it to be the 
most positive line that we possess in the broad avenue of Botanical Phylesis 
An appreciation of such direct histoiical evidence is no new idea Something 
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of the same sort was felt by Shakespeare three centuries ago, and it remains the 
same to day Nay more — it may lead u*^ even to forecast future possibilities 
In following our evolutionary quest in this spirit we shall find that we are 
indeed — 

* Figuring the nature of the times deceased, 

The which observed, a man may prophesy 
With a near aim, of the mam chance of things 
As yet not come to life * 

(King Henry IV , Part II , Act in , Scene i ) 


Ml LBOUKNL 
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llie following Pipeih weie read — 

1 7 he Double Slocl — Its Hiblonj and Behaviour 

By Miss E E Saunders 

There is some evidence that the cultivation of the garden Stock dates back 
to Greek and Roman times, the double flowered plant being then unknown and 
presumably not in existence 

There appears to be no definite record of the time or place of first appearance 
of the double foim, but for vinous reasons we may conclude that it made its 
appearance only shortly before the date when it is first mentioned (middle of 
sixteenth century) A comparison of the frequency of reference to the double form 
of the three geneia included at this time under the same name (Leucoium or 
T tola)y VIZ , the Violet, the Wallflower, and the Stock, seems to show that they 
arose successively in the order named 

The original method of propagation of the double Stock (which is sterile) 
was by slips or cuttings, the double having appeared first m the biennial types 
The fact that the double was obtainable from the seed of singles was not 
generally known for more than a century after the plant was in cultivation 
Maiiv different methods of piocedure and ticatment have been advocated fiorn 
time to time as leading to the production or increase of double flowered plants, 
but none ha\ e stood the test of experiment 

Mendelian methods of analysis have enabled us to arrive at an understanding 
of the relation of the double to the single, and have shown that the output 
of doubles is constant and independent of external conditions By appropriate 
selection, in some cases of seeds, in others of the young plants, it is sometimes 
possible to obtain, not an increased output of doubles by the individual, but an 
increabod piopoition of double plants in the flowei beds 


2 On the Sei Dinioiphism and Secondarij Sex Chaiatteis xn some 
Abnormal Begonia Flowers^ and on the Evolution of the Monoecious 
Condition in Plants By C 1 Bond 

In certain Begonias the piesence of an abnoimal floial bract fiequently indi 
cates an associated abnormality of the sex oigans in the flowei which terminates 
the pedicle on which the abnormal floral bract appears This abnormality may 
take various forms, from simple multiplication or modification of accessory floral 
parts to complete hermaphroditism The relative position of the male and 
female sex organs on the floral axis indicates whether the flower is primarily 
male or primarily female 

yVie Terminal Position oj the Male h lower in the Normal Begonia Inflorcstenci 
The dioecious, the monoecious, and the heimaphrodite foiins of sex dimoiphisni 
aic the result of a proceos of qualitative cell division among different cell units, 
at diffeient stages of then development This sex differentiating cell division 
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may occur in the germ cell and produce the dicecious form, or it may occur during 
flower bud differentiation and produce the monoecious condition, or it may be 
delayed to a later stage when the sex organs are differentiated on a common 
floral axis The hermaphrodite flower is then formed The actual disposition 
of the male and female sex organs may also follow one of two types (a) Female 
ness central and terminal and maleness peripheral and lateral, as in many in 
florescences and probably all hermaphrodite flowers, (6) Maleness central and 
terminal and femaleness lateral and peripheral, as in many inflorescences of the 
monoecious type and in some abnormal Begonia flowers The type assumed 
primal ilv female or primarily male, will depend on the position taken by the 
factors for maleneos and femaleness respectively during the differentiating cell 
division, and on which factor passes into the terminal and which into the lateral 
daughter cells 

The Bearing of these Facts on Plant Evolution 

The monoecious condition is probably an intermediate and unstable stage 

The hermaphrodite flower (which is probably the result of necessity for 
adaptation to insect fertilisation) has been brought about by delaying the segre 
gation of the ^ and $ sex organs till the period of the development of the 
flower Probably also some hermaphrodite plants may have accelerated the pro 
cess of sex differentiation If this occurs early during the evolution of the inflor 
escence such plants would revert to the monoecious condition 

In animals postponement of the process of sex differentiation from the germ 
cell to the zygote stage also produces hermaphroditism Ceitain abnormalities 
in the distiibution of secondary sex characters in the higher animals suggest 
that the development of the individual organism proceeds along two mam lines, 
i segmental and a bil iteral line Lateral ind segmental gvnandromorphs aie 
thus produced 

The Sicondauf Sex Characters of the Flowers of the Mo7ioecious Begonia 

The two processes of qualitative cell division which result m (1) the differ 
entiation of the J and 9 prin*'iiy oigans, and (2) the differentiation of the 
secondary sex characters, ire less intimately interdependent in plants than in 
mimals This gi eater independence may depend upon the absence of, or the 
\ery lestiuted circulation of, internal secretions or sex hormones in the case of 
pi 


S Some \ccoinil of the Flora of the Northern lernlonf B// Atfrfd 
T Ew\Rr, J) Sc , Ph 7> , ami Oii\e B T)\Mrs, M Sc 

As is well known, the Commonwealth Government, since taking o\er the 
Noithern Territory, has earned out a policy of eneigetically investigating the 
nituial resomces ot this tiact of countiy 

In addition to the expedition by Giliuth md Spencer, the Baiclay expedition 
tiaveised a large part of the Territory, and Mr Hill, the collectoi attached to 
the pirty, made 1 irge collections of plants 

I)i A Moriison was appointed to assist m the work of iiuestigating these 
t(.llections and the flora of the Territory geneially In July 1913 he^ published 
a Paper with Professoi Ewart, * Contributions to the hloia of Australia, 
No 21 ‘The Floia of the Northern Territoiy (LeguminosTe| ’ Unfortunately, 
before he could publish anyth iig further he became seriously ill, and died m 
Decembei 1913 

Miss Davies was appointed successor to Dr Morrison, and began work in 
February 1914 

Mr Maiden has ndertaken the investigation of the Myrtaceae and of the 
Acacias, in which groups his knowledge is unrivalled 

The present Paper not only gives much additional information as to the 
distribution of the plants in the Territory, but includes several new species 
among which are four new species of Leguminosae, Isotropis argentea, Ewart 
and Morrison, Jack soma anomala, Ewart and Morrison, Psoralea luteosa, Ewart 
and Morrison, Tephrosia pubescent j Ewart and Morrison, two new species of 
ProteacesB, Hakea digyna, Ewart and Davies, and Hakea intermedia, Ewart and 
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Davies , the former being especially interesting as showing a tendency to fusion 
of the pedicels, thus forming two carpels on one pedicel or in one flower, and 
one new species of Chenopodiacese, AtnjUex vana, Ewart and Davies 

Very little is known as yet as to the economic properties of the plants of the 
Northern Territory, more particularly as regards their fodder value or poisonous 
properties In the present investigation special attention is being paid to those 
plants possessing either of these properties Dr Qilrnth obtained data during 
his first visit of the food value of certain grasses, which have since been 
identified and published in the * 19th Contribution to the Flora of Australia * 
Ewart and Morrison remark on the Leguminosse — 

* The LegummossB include not only many of the most valuable fodder plants, 
but also many poisonous plants Few of the plants on the present list have been 
tested as yet from this point of view, but poisonous species aie known to occur 
in the following genera — Bauhtma has three poisonous species, one of which is 
a fish poison, and another an anthelmintic, but no data are available for the 
species of this genus on the present list Bracliysema undulatum grows in 
othe». parts of Australia, and causes mechanical injury Canavalta ohtusifoha 
causes gastro enteritis in stock 

Several species of Cassia are considered poisonous, and, according to GieshofE, 
this also applies to Casna Soph ora and 0 Sturtn No less than five species of 
Crotalaria are recorded as poisonous, and of these one, C Mtfclielhy grows in 
the Northern Territory Three species of Erythnna and two of Erythrophlceum 
have been recorded as poisonous, but they do not include any of the species 
growing in the Territory The Asiatic Flemingta congesta is a tsenifuge, but 
the F lineata of the Tenitory has not been tested Many species of GaHro 
lohium are poisonous, but only one incompletely tested species (G grand iflorum) 
IS included in the present list 

Indigofera boviptrda, however, has in West Australia been responsible for 
large losses of stock The genera Phaseohis, P^oroha^ and S^shanea include 
poisonous species, but apparently none from the Territory Ithyncho^m minima 
IS, however, poisonous according to GreshofP, and the same may be found 
ultimately to apply to some of the species of Swainsomn and Tephrosia Several 
species of the latter genus are well known fish poisons, and this applies to at 
least one species from the Territory, namely, Tephrosia purpurea In this 
direction there is much work to be done in the future 

Included in the present work is a map illustrating the route taken by the 
expedition, and showing the more important plants collected at each station, 
that IS, those ^^hlch give some indic ition of the natural resouices of the country 


4 The Flora of the Environs of Melbourne 
By 0 ^ Slttov, M B , Cli B 

Introductory — The consideration of our flora in its lelation to the factors 
responsible and the estimation of these in explaining the distiibutioii and 
association of its species have as yet been undertaken only tentatively 

Physiography — The district to be considered is somewhat arbitrarily restricted 
to an area within a radius of almost thirty miles from Melbourne The greater 
part of this is of low or moderate elevation and contains three mam geologicil 
formations — (1) From N W to S W a flat plain of the newer basalt gently 
sloping to sea level from an elevation of almost 1,(JOO feet, drained by a simple 
river system in many places canyon like 

(2) From N E a more diversified extent of Silurian formation, including, 
however, a considerable area of plutonic rocks wheie the highest elevations, 2,000 
to 2,600 feet, are to be found , the whole drained by the Yarra and its tributaries 

(3) To the S E the area of Tertiary sands with an undulating surface rarely 
attaining 200 feet Here the drainage system is ill marked and over a great part 
hardly apparent 

Ecological Conditions — {a) Climatic — 'Although the rainfall is pretty evenly 
distributed over all the months, the bulk of it occurs in winter and spi mg The 
average annual fall ranges from about 16 inches at the station in the basaltic area 
to more than 60 inches in the Silurian Snow veiy rarely falls The temperature 
only occasionally surmounts 100° F , and the highest temperatures do not Jong 
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persist Tdie mean annual humidity is high^ and the annual evaporation low as 
compared with other parts of the Commonwealth 

(6) Edaphic — The soil of the three areas presents well maiked differences 
The influence oi man and of the domestic animals is everywhere manifest 
Plant Formations — 'The vegetation of the district is clearly divisible into 
three formations coriesponding strikingly with the geologic formations They 
would thus seem to be mainly determined by the soil conditions 

(а) That of the basaltic area, a grass steppe with low herbs and a minimum 
of tree growth, occurring in savannah foim and in the iivei bottoms 

(б) That of the Silurian area, a forest formation sometimes open but more 
often filled in with scrub and chaiacterised by many species of Eucalyptus 

(c) The flora of the Tertiary sands, marked by a predominance of Epaciids, 
myrtaceous plants, and terrestrial orchids, constituting a scrub heath in maqms 
and separated from the strand by a belt of higher scrub containing several tiee 
forms 

(d) An association of halophytes peopling the strand and the salt swamps at 
the mouths of watercouises 

Census — Lists of plants from the thiee formations show the greatest variety 
in the forest area where the most favouiable and vaiicd conditions exist, and the 
sm illest total in the basaltic area 

5 Australian Ebenacece By W P IIilhn, M 1 , F li S 

The ebony f imily is represented m Austialia by nineteen species, out of about 
4.87 species in all Twelve species aie endemic in Australia The Noithcin 
Teiritoiy, Queensland, and Mew South Wales supply the species There aie 
none in Tasmania 

In my Monogiaph of Ebenaceac, published in 1873, I included among 
lecent species sixteen as occiuiing in Austialia — ten ol the genus Uaba, and si\ 
of Diospijros 

Subsequent additions include t\AO species, enh contiibuting a genus to the 
Austialian Ilora Itoyena iillo^Of a South Afiican shiub, has been lecoided 
tiom the Biisbaiie iivei in Queensland Eucha australiensis 'v\as described by 
me m the ‘ Journal of Botany,* 1910, p 159, the specimen was found among a set 
of Australian plants collected long pie\ lously b^ Sii T L Mitchell , it probably 
came fioni extra tropical Queensland A ne^\ species of Diospyro^j D longipts 
IS the latest addition 

In 1879 Hans Molisch published a papei on the compirative anatomy of the 
timbers of Ebenacese and allies, this papei included an account of the minute 
structure of the stem of Maba oboiata 

In 1892 Paul Parmentiei published a woik on the compaiative histology of 
EbenacesB, m this work he favoured the view that every good species can be 
easily defined by the epharmotic chaiacters belonging to it His reseaiches dealt 
exclusively with the leaves and stems With regard to the leaves the parts which 
he studied were 1 The upper and lower epidermis 2 The blade, sections 
being made at different places along it 3 The mid iib and lateral veins 
4 The petiole, at the base of the blade, and in transverse sections With regard 
to the stems, he studied all the tissues shown by transverse sections, and by radial 
and tangential sections of the liber and wood Among the 120 species and 
vaiieties which he examined aie Boyena villosa, Maba rufa^ M huxifoha, 
M obovata, M geminatOj M hunuUs, M reticulata, Dtospyros Ebenum, D laxa, 
D montana, D pentamera, and D microcarpa 

For the present paper numerous original observations have been made in older 
to test and extend the epharmosis of the Australian species The pollen also 
has been observed and measured in the cases of the Boyena and Euclea 

According to Parmentier the two last named genera are distinguishable from 
the rest of Ebenaceous genera by the periderm of the stem arising from the 
^ericycle, instead of being sub epidermal 

Hypoderma (arranged m a single row in both faces of the leaves) exists 
in Maba huimlu, in which species also the cells of each epidermis are undulate 
btomates are furnished only on the lower face of the leaves, they are numer 
ous and correspond to the Eanunculaceous type, and are mostly sub epidermal, 
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or in A few species immersed, oi (among Austidlian species) are exseited in 
Dwspytos laxa 

The mesophvll is bifacial in the majority of species, but sub central in 
D pentamera 

The palisade cells are usually arranged in a single row, but in the leaves of 
D viicrocarpa they are in two rows, and a similar biseriate arrangement has 
been observed in the leaves of D longtpes 


MOVDiY, AUGUST 17 
Ihe following Pipeis weie lead — 

1 Modern Deniaiives of the Matonioid Ferns 
By Piofessoi F 0 Bower, Sc D , F R S 

C/ieiropleuria bituspis (B1 ), Piesl, is a feiii of the Malayan legioii, and is 
often associated locally with Dipteri^ It is known chiefly from the drawings of 
bir W Hooker, and has not been oubmitted to lecent comparative examination 
On mateiial supplied, through the influence of the Rajah of feaiawak, by 
Ml Moulton, keepei of the Museum, it has been found thit it shows characters 
lelating it on the one hand to Gleidieniay MatoniOj and DiptenSy on the othei to 
Platycerium It is, in fact, a synthetic type 

Its creeping oi scandent axis bears alternate lea\ea, with occisioiial abaxial 
buds on their bases, as in Lophosorta and Metaxya The dermal appendages are 
bans only The leaf form \aiies, the lamina, borne on a long petiole, may be 
one, two, or sev eral cusped , the venation is Matonioid of the type Venatio 
inaxcH The axis is protostelic, and the leaf tiace originates as a single stiand, 
IS in Mtrttnsia It divides in the cortex into two, and undergoes further 
fissions and fusions in its upward course 

The leaves are dimorphic the sporophylls being taller and upiight, but with 
nariow lamina, marked usually by a strong midrib and eiilaiged margins The 
intervening area appears covered by an * acrostichoid ’ soral area 

Detailed examination shows that the sorus is of the ‘ mixed ’ type with numei 
ous paraphyses The sporangia share witn those of Dipttris a segmentation 
different from those of any other known Ferns, viz , by cleavage of the primoi 
dium by alternately inclined walls, to produce two rows of segments Bipartition 
of the lower segments gives four rows of cells of the stalk, which is ilso a peculiai 
feature common to DipUris and Chcirophiiria The annulus shows slight 
obliquity, and is not completely interrupted at the inseition of the stalk 

The vascular supply beneath the soius shows featuies which link witli 
lHaty( crium The nerve endings, which curve downwards to the lower soral 
suiface, show enlargement of the distal mass of stoiage tiacheides Occasionally 
this enlarged receptacular supply may extend fiom its own definite aieola of vena 
tion, crossing the vein which limits it, into a neighbouring areola 

This arrangement is a very simple example of what is a regulai rule in 
Platycerium Here, in addition to the conducting reticulum of veins of the 
spoiophyll, theie is a receptaculai vascular system, extended in a lower plane 
This IS composed of blanches from the conducting system, which may ramify, 
and extend to considerable length The definite son are seated upon these recep 
tacular veins These and other characters indicate that there is a real relation 
between Cheiropleuria and Platycerium The comparative conclusion is this 
That probably the whole of the Ferns above named sprang from a Gleichenioid 
souice That Matoma is the most primitive of these genera, Diptens a moie 
advanced type leading to a state with webbed leaves, and a spread of sorus 
over the leaf area That Cheiropleuria retains the Gleichenioid anatomy, but 
has progressed sorally to an ‘ acrostichoid* state That Platycei lum is another 
derivative of this phylum, anatomically far advanced it is also advanced 
sorally, though not to the ‘mixed * and * acrostichoid * condition seen in Cheiro 
piturm Thus Cheiropleuria and Platyi eiium are piobably modern Matonioid 
types, and it is possible that certain other living genera will also link on to this 
affinity 
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2 On Oxidase Enzymes 
By Professor Alfred J Ewart, D Sc , Ph D 

Plant oxidases torm a class ot substances of great importance in plant meta 
holism They are known merely by the leactions they cause, and their exact 
chemical nature is quite uncertain According to Bach and Chodat they torm 
three distinct classes of ferments, namely — 

(1) Oxygenases, x^roteins which absorb molecular oxygen forming peroxides 

(2) Peroxidases, which increase the oxidising power of peroxides and can 
only act in their presence 

(3) Katalases, which destroy peroxides with an evolution of oxygen 

It has long been known that certain of the reactions supposed to characteiise 
oxidase ferments could be produced by certain inorganic metallic salts As the 
result of the detailed investigation ot the oxidase action of various metallic 
salts of copper, iron, chromium, manganese, lead, &c , upon guaiacum, para 
phenylendiamin, hydroquinone, pyrogallol, gallic acid, tannic acid, and tyrosin, 
the conclusion has been formed that the correspondence between the action of 
01 game and of inorganic oxidases is extremely close It was also found 
that in the case of certain salts such as sodium or potassium ferrocyanide, 
feriicyanidc, phosphate, or chromate, the oxidase action was due to the acid, and 
not to the base In addition, oxidase action may be accelerated in the presence 
of sensitiscrs such as the chloiides or phosphates of sodium or potassium, or 
may be letarded or xire vented by a vaiiety of anti oxidases This applies to 
both organic and inorganic oxidases, and detciminations of the minimal 
amounts of metallic oxidases icquiicd to pioduce progressive oxidation in the 
piescnce of a seiisitiscr indicate that then action can be consideied as closely 
akin to that of an enzyme 

111 geiieial, oxidases, wlicthci iiioigaiiic oi organic, may vaiy fiom stiong to 
weik The strong will cause direct oxidation from the oxygen dissolved in a 
w iteiy solution The weak will tiaiisfei oxygen fioni labile oxygen com 

pounds such as hydrogen pci oxide, oi will use dissolved oxygen in the presence 
of scnsitiscis such is the chloiides oi phosphates of sodium oi potassium 
Vaiious intcimediate giades of activity aie shown The oxidase action of a 
metilhc salt aaiies accoiding to its acid combination, and metals such is non oi 
chiomium may give salts an oxidise action when the metal is pieseiit as base oi 
IS acid (potassium feiricyanide, bichiomatc, Ac ) There is no leasoii foi 
sepiratiiig oxidises iiid pei oxidases as distinct classes of feiments, and peroxides 
do not neccssaiily take pait in all oxidise actions Ihe supposed separation 
of oxidise and i>eioxidasc by fi ictional inccipitation with alcohol may be 
meidy the icsult of attenuation Metallic oxidases act as feiments in that i 
small amount may pioduce consideiable oxidation, especially in the pieseiicc of 
seiisitiseis (coppei suliihato and salt, potassium ferric^ anide and sodium phos 
phiti), iiid that the oxidase appears to act as an inteimediaiy in the chemical 
change Nitiic icid and potassium permanganate, on the other hand, transfei 
oxygen ill the fiist instance fiom themselves 

llydiogen pei oxide may influence oxidase action (a) by pioviding a supply 
of labile oxygen, (h) by converting a feeble oxidase into a stiong oxidase (fei 
ions silt into ferric, fenocy unde into ferricyanide) , (c) by acting as a seiisitisci 
to the oxidant substance, (cT} by acting as an anti oxidase in some cases Vaiious 
silts may act as sensitiseis (sodium and potassium chlorides, bromides, and 
phosphates) oi is iiiti oxidases (baiium chloride, sodium fluoiide, organic oi 
inorganic acids), and in some cases with increasing concentiation the action of 
the foir^ei is leversed, while a substance which is a sensitiser with one oxidant 
may n t an anti oxidase with another This applies also to the peroxide of 
hydiogen, and, in the piesence of an excess of this substance, an oxidase may 
act as a reducing agent (copper sulphate and salt on indigo carmine) Strong 
metallic poisons will arrest the action of organic oxidases or destroy them 
(apple, potato, cairot, pirsnip), if immediate contact or rapid penetration is 
assuied Hence the oiganic oxidises are possibly proteids with or without 
oxidase metals in basic or acid combination 

Theie is no justification for the use of such terms as * peroxid ise,* ‘kata 
1 ise,* ‘opnoxydase, oi ‘tyiosiinse * to indiciite specific substances, ferments, or 

1914 P p 
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groups of ferments The ‘tyrosinase* of the potato is also a ‘katalase,* a 
‘peroxidase,* a ‘ pyrogallase,* a * hydroquinonase,* and a * paraphenylendiamin 
ase * It is, however, permissible to use such terms as katalase action, peroxidase 
action, and such names as laccase, russulase, potatase, carrotase, &c , as tern 
porary names to indicate the origin of the substances whose chemical nature is 
as yet unknown Since, however, their oxidase powers will be only one of 
many properties, it will never be advisable to name them according to these 
properties alone, any more than it would be in the case of the metallic oxidases 
Comparison with metallic oxidases shows that we are not even on safe ground in 
assuming the existence of specifically distinct classes of plant oxidases, such as 
phenolases, aminoxidases, and lodoxidases The chlorides and phosphates of 
potassium and sodium are able to act as oxidase sensitisers, and thus may influ 
cnce special oxidations, or respiration in general It is possible that they may 
exert a stimulatory or controlling action on plant metabolism and that the 
sodium chloride always present in the ash of plants may not be an entirely 
useless constituent This may explain paitly why small doses of salt stimulate 
the growth of many plants and why phosphates, in addition to being food sub 
stances, may act as stimuli to growth The stimulating action of many metallic 
salts on growth may be paitly due to then oxidase action 

Ursol tartrate turns lignified walls led oi reddish brown This is not an 
oxidase reaction, but is an admirable test for lignin, especially valuable for 
demonstiating the wood elements in pulpy tissue 

Chloroform strongly and ether moie feebly retard oi inhibit katalase action, 
but they do not suppress oxidase action Alter prolonged contact, howevei, the 
organic oxidases aie slowly attenuated and destroyed 

The liberation of iodine fiom potassium iodide may be used as a test for the 
presence of oxidases in living tissues, but does not indicate the existence of any 
power of producing peroxides Dried organic oxidases may retain their pro 
perties for three weeks or more, and a glycerine extract for five or more months 
Where organic oxidases are destroyed by boiling this is probably the result 
of proteid coagulation In spite of previous statements to the contrary, (1) 
oxidase enzymes are present in the pulp and rind of the orange and lemon, and 
in the stalks, but not in the bodies, of the endocarpal hairs , (2) oxidase enzymes 
are abundant not m the protoxylem of the carrot, but in the phloem and outer 
cortex 

The oxidases of the beet and potato appear to be related to one another and 
to be among the strongest plant oxidases The nearest analogies to them are 
perhaps afforded by ferric salts and ferricyanides If the special action of apple 
oxidase on tannic acid is due to the presence of a phosphatic sensitiser, it would 
be a feebler oxidase of the same type Carrot and parsnip oxidases are a grade 
feebler but still react to guaiacum in the a>bsencc of a pei oxide Malt diastase 
is still weaker, and papain feebler still, while pepsin may show a weak per 
oxidase reaction with guaiacum but not any other oxidase action 


3 Morphology and Anatomy of certain Pseudo Monocotyledons 
By Miss E N Thomas and A J Davey 

The paper gave a preliminary account of some features of mterest which 
have been disclosed in the course of an investigation into the anatomy and 
morphology of the seedlings of geophytic Dicotyledons including some pseudo 
monocotyledonous forms The latter have a single cotyledonary member 
terminating in a blade which is more or less bifid in Ranunculus Ficaria and 
Anemone apennina, but is undivided in Conopodium denudatum and Cyclamen 
pexstcum, the ‘ petiolar * region being much elongated in Conopodium 
denudatum and Anemone apenmna 

A tuberous «wellmg arises while the seedlings are still quite young, before 
there is any sign of a plumule, and in Cyclamen perstcum even before the 
cotyledon has emerged from the seed At an early age the external appearance 
of the seedlings is very misleading, inasmuch as the position of the tuber is 
variously related to the collet y and hence the tuber would seem to occur in 
different morphological regions The appearance of the plumule at the apex of 
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the tuber proves the tuber to be hypocotyledonary in origin^ while the cdlti in 
some forms is situated in the cotyledon 

The anatomical investigation of Conopodtum denudatum reveals the remark 
able fact that root structhre is present throughout the whole of the lower half 
of the * petiole* of the cotyledon, and the same is true of Anemone apenmna^ 
■while in Ranunculus Ftcana root stractuie is only found below the cotyledonary 
node The plane passing through the two poles of the diarch primary root in 
these forms, also passes through the centre of the first plumular leaf, while 
in their normal dicotyledonous relatives, so far as examined (with the exception of 
one individual of Anemone puUatilla) the diarch plate is at right angles to this 
plane, as in all diarch forms hitherto described This is of interest in con 
nection with the plane of formation of the diarch root in the true mono 
cotyledons 

4 On the Systematic Positioyi of Casuarma and its Allies 
By Emily M Berridqe, D Sc , F L S 

Since 1891, when Treub discovered chalazogamy in Casuarma, Engler, 
Wettstem, and other botanists have regarded the Amentiferae as primitive 
forms directly descended from certain gymnospermous families 

The work of many investigators, however, has tended to show that the 
characters on which this view is based are not peculiar to Engler’s class 
‘ VerticillatsB,* or even to the Amentiferso generally , and an examination of 
the structure of the inflorescence, flower, and cupule in the Fagacese seems 
to confirm the view, first brought forward by Hallier (but later discarded 
by him), that the ancestois of the Cupulifer*B were allied to the Rosaceae 


6 Description of some Fossil Fruits By Beriha Eees 

Fossil fruits were found in the shaft of the Langi Logan South Gold Mining 
Company at Ararat They occurred in an old river deposit at a depth of some 
236 feet from the surface, and were covered by two distinct basaltic lava flows 
Many of them are of small size, being about one line in their greatest length, 
rounded in outline, and flattened Each one appears to consist of two carpels, 
and has what may be the remains of a persistent perianth at tlie bsse 

There are also some fruits of a species of Casuarma and some fruits of 
Fucdlyptus, and in addition other remains, such as a bud of a Eucalyptus flower, 
*ind what appears to be a portion of the rachis of an inflorescence of the same 
genus 


TUESDAY, AUGUST 18 

1 Joint Discussion with Section D on the Nature and Origin of 

Species 

The Origin of Species By Dr A B Eendle, F R S 

Use of the term ‘ species ’ — The unit of the systematist who is required to 
catalogue the plants of various parts of the world as they are discovered The 
‘ species * of the monographer who studies critically an extensive series of 
specimens and recognises ultimate units widely differing in degree from well 
marked species to subdivisions so critical that it requires an expert m the group 
to appreciate them 

Each species is eminently adapted to its environment, other than slight 
change of form or of arrangement of parts will tend to throw it out of tune 
with its environment, and therefore prove detrimental To gpw plants under 
alien conditions generally requires care and restriction of competition The 
theory of descent implies a change in the species, and doubtless also m environ 
ment, but any change unless very slight or gradual would be detrimental 

On the theory of mutation spemes have not arisen gradually as the result 
of selection operating for a long period, but discontinuously by sudden small 
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changes or * mutations,* which are given off in new directions and are inherited 
they are distinguished from fluctuating or individual variability in which the 
variations are merely of a plus or minus character and are not inherited The 
mutation gives rise to a new inheritable specific character, and is the source of 
the so called elementary species A comparison of these elementary species 
(eg, Jordan*s Draha^) shows that their distinguishing features are precisely 
those which characterise fluctuating variability — relative size and degree of 
development of parts, hairiness, time of flowering, &c Each species represents 
the resultant of a number of slight individual variations of already existing 
characters, and suggests some process of selection of a number of slight in 
dividual variations rather than a sudden mutation A similar remark applies to 
the cases of seasonal dimorphism in alpine meadows described by Wettstein 

Sports or mutations arising under cultivation are of a different character, 
being generally marked by some one striking character such as cutting of the 
leaf, monophylly m species with compound leaves, &c Generally speaking, such 
would not persist in Nature, especially where the floral organs were affected, as 
marked changes in these would be detrimental These afford no eaidence as to 
the origin of species in Nature 

Recently Lotsy has suggested crossing as the souice of new species Pie 
Slimed stable genotypes oi elementary species gi\e rise when ciossed to unstable 
heterozygotea which segregate into a new series of genotypes There is no sug 
gestion that the new batch of species is moio m accord with eniironment than 
the parents, and there seems no leason foi then persistence In jilace of slight 
\ariations of well idapted organisms this theory suggests for the operations of 
Natural Selection an indiscriminate series of new forms Is there evidence foi 
the occurience of these hybrids or of these senes of abeiiant and largely 
monstrous forms in Nstuie in sufficient quantity to account foi the oiigin of 
new species^ Direct action of the enviionment in important fictoi m the 
oiigin of species 

2 The Climate tn Northern Temperate and Aictio Zone^ during the 
Tjole^t Pleistocene Age By Professoi Ottnnvk Andfrs«^on 


3 The Geographical Distribution of the Sen grasses 
By Dr C TT OsTFMi^rLD 


4 The Fossil Plants discovered by Captain ScotCs last Fj^pedilion in 
the Antarctic Regions By Professor A 0 Rfward, F R S 


WEDNESDAY, AUGUST 10 
The following Papers were read — 

1 Relationship of Fungus and ilga in the Lichen-thallus 
By Miss A Lobrain Smiih 

General account of lichens and description of the composite thallus Early 
theories and speculations recalled as to the nature of the different tissues, nioie 
particularly in the gelatinous lichens The green cells determined by Wallroth 
to be brood cells or * gonidia,* a theory which was accepted for many years 
Resemblance of the gonidia to free growing aerial algss more and more realised 
Metamorphosis |||! the alga Noatoc to the lichen CoUema finally observed by 
Stahl, who also likened the colourless filaments of the thallus to fungal hyphie 
An account of the culture experiments by which the alga was successfully 
isolated from the thallua by Speerschneider and observed by him to grow inde 
pendently and to increase by division Following the same methods, Fammtzm 
and Baranetsky obtained the formation of zoospores in free growing gonidia 
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Various theories as to origin of gonidia Culture experiments with lichen 
spores undertaken by Tulasne which seemed to prove that the gomdia were 
directly formed at the tips of the colourless hyphas within the lichen thallus 
Finally fechwendener^s announcement of the dual theory of the lichen thallus 
that the gonidia were algae of independent origin outside the thallus, and that 
the lichen was therefore a composite plant formed from a fungus more or less 
parasitic on the gonidia or algae 

Synthetic cultures undertaken by various workers to test Schwendener’s 
theory with the result that in time numerous lichen plants were successfully 
developed, up to the fruiting stage, from lichen spores associated with algae 
Discussion thereafter centred on the exact natuie of the association between the 
two organisms whether parasitism of the fungus on the alga or a condition of 
mutual benefit described by Reinke as consortism, by De Bary as symbiosis’ 
Various forms of contact between the two symbionts described and the effect on 
the alga 

The problem really one of nutrition The fungus is certainly dependent on 
the alga, but the alga is also dependent on the fungus for nitrogen, and to 
sumo extent for carbohydrates as proved by recent research on the nutrition of 
ilg L and lichen gonidia in varying conditions Other instances cited of benefit 
ifforded to green plants by associated fungi 


2 The Contamination of Drinking Water hy Alqce and its Removal 
By Professor T Johnson, D Sc 

An iccount was given of an important supply of water (360 million gallons) 
leiidered highly objectionable for domestic use by the presence of a blue green 
alga, O^tiUafona tenuis vai natans^ which was shown, by dredging, to breed in 
the mud of the leservoii floor Subsequently the weed floats and causes ‘water 
bloom ’ or ‘ breaking of the meres * Its accumulation in stored water gives it an 
oily. Ashy odour, and also puts the filter beds out of action 

One to 10 lb of coppei sulphate pei 1,000,000 gallons lemoves the nuisance 
without injuiing man or fish, as Moore and Kellermann first showed 

The pipei illustrated the necessity of supplementing the usual chemical and 
bacteriological examination of water with a biological one 


Sydney 

FRIDAY, AVGUST 21 

Alter the President had delivered his Address (see p 560), the following 
Pipeis weie read — 

1 The Species Concept, uith especial reference to Eucalyptus 
By J H Maidfn 

The paper opened with a statement that the subject, though often debated in 
Euiope ind Ameiica, has been i uely discussed m Australia The ditticulties 
picscnted by homoplasy were then referred to The pioposition of no fixed line 
of demai cation between species was then discussed, and the wiitei s use of 
concentiic circles to illustrate the aflmities of allied species was lef erred to 
The difficulties piesented by such large geneia as Hteracium, Aster, Sahx, and 
Rub us, as well as Eutalyptus, were then emphasised 

Iho aid of anitomy and physiology, and indeed othei methods, in oui quest 
foi tiuly natuial species was then discussed The Jordandkn species weie 
lolerred to, and Dai win’s dictum was quoted that as legaids species our tioubles 
come iioin tiying to define the indefinable Species making being a foim of 
empiricism, theie are two camps of honest workeis, the ‘splitters’ and the 
‘ lumpers,’ and the mistakes that aie made are the lesult of existing conditions 
'I lie wiitei then explained in detail, as regards Eucalyptus, the plan of his 
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critical revision, pointing out that no line of study which ptomised to thiow 
light upon the genus had been neglected He emphasised the point that a 
species must be judged as a whole, and illustrated this bj analogies fiom the 
science of history, from literary criticism, and from iiidustiial legislation, 
pointing out in proportion as a botanist grasps all the facts concerning i 
species, he becomes a broader minded man Although endless fun can be poked 
at the illogical positions in which we sometimes find ourselves by our conception 
of species, it is idle to attempt to abandon them, foi plants will be labelled 
species on the evidence of our senses to the end of time 

The writer concluded with a reference to the services of the great Euiopeaii 
herbaria in naming and preserving the types of Australian species at a time 
when there were no means of preserving such types in Australia herself, and 
entered a plea that as a recrudescence of botanical expeditions to Australia his 
now set in, our colleagues in Europe and America should see that specimens 
of their types are made available in some paits of this continent 


2 The Correlation between the Specific Characterb of the Tasmanian 
and Australian Eucaluvts B// E T Baker, F L S , and H G 
Smith, F G S 

In this paper the authois brought under review the results of then leccnt 
lesearch on Tasmanian Eucalypts, comparing them with their own earlier work 
on the Eucalypts of the mainland, supplemented by more recent data The 
ground covered by these investigations, now extending over a period of a quarter 
of a century, embraces almost the whole geogiaphical range of the genus — an area 
of the earth’s surface of about 3,000,000 square miles Such an area includes a 
diversity of soils, climates, altitudes, &c , and naturally one looks for and finds 
a great variety of species, but it is found at the same time that a relative con 
stancy of specific botanical features and chemical constituents characterises the 
whole genus 

Comparisons, as well as contrasts, were made between the morphological and 
chemical features of the trees found at the sea level and right up to the highest 
altitudes at which the correlated species occur both in Australia and Tasmania 

Most interesting results have been the outcome of this work, and a theory is 
now advanced of the geological age of the Tasmanian trees in comparison with 
those of the mainland It is also attempted to show that in the Tasmanian 
Eucalypts we have the more recently evolved of the whole genus 


3 Notes on the Evolution of the Genus Eucalyptus 
By E H Oambaqe, F L S 

A feature of the genus Eucalyptus is its wonderful adaptability to environ 
ment, and a brief sketch will show some of the changes it has undeigone 

We have fossil evidence of its existence in Australia since late Eocene or 
early Miocene, at which tune our present mountain system had not developed, 
and the climate was a mild to warm one Evstern Australia was then fairly 
level, and in early Eocene was largely composed of siliceous soils, much of the 
silica being in a free state, rendering the soils sandy Subsequent lava flows 
and deposits of volcanic tufls yielded a more basic soil, and the final uplift, 
parallel to the east coast, towards the close of the Tertiary, produced elevations 
which have a cold climate 

Apparently the early Eucalyptus flourished in a sandy soil with a warm 
climate in Northern Australia The bark was scaly to rough, the leaves 
opposite, sessile, horizontal and generally cordate, and often covered with 
stellate hairs or ’•coated with caoutchouc The leaves had a transverse vena 
tion, the numerous lateral veins forming an angle of about 65 degrees with 
the midrib The flowers were large as compared generally with those of the 
genus at the present day, and possessed anthers which opened longitudinally 
in parallel slits The fruits were generally larger than those of the more recent 
species to day, and the chief constituent of the essential oils contained in the 
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leaves was pinene With some alteration in environment, partly climatic and 
partly through the advent of more basic soils resulting from volcanic out 
pourings, a new development took place in the genus, and species were evolved 
with hard furrowed, fibrous or smooth barks The mature leaves, which now 
showed a more oblique or diagonal venation, and were alternate, had gradually 
developed petioles, which allowed them to hang vertically, so as to present the 
least possible surface to the sun and thus minimise transpiration, while those 
which remained sessile protected themselves with a glaucous powdery wax or 
with a thickened epidermis Some species of this new type possessed anthers 
which opened in terminal pores, while cineol became an important constituent of 
the essential oils As the genus encountered colder conditions, partly through 
spreading southwards and partly through ascending the mountains which were 
uplifted in Eastern Australia towards the close of the Tertiary, a further 
group was evolved having leaves with almost parallel venation, or the lateral 
veins now much reduced in numbei at an angle of less than about 25 degrees 
with the midrib, kidney shaped anthers with the cells divergent at the base 
and confluent at the summit, and essential oils in the leaves containing much 
phellandrene, and little, or in some cases no pinene By a comparison of 
seedling and mature foliage, evidence of transition in leaf form is found in 
nearly all species, and in the cold country types, such as Eucalyptus corxacta and 
E *^tellu1ata, the lateral veins of seedling foliage are arranged at angles up to 
50 deigrees with the midrib, while in mature leaves the angles are less than 
10 degrees, and in most cases the veins are practically parallel with the midrib 
Eucalyptus leaves with transverse venation are absent from Tasmania, are con 
fined to a very small portion of North eastern Victoria and practically 
below the 3,000 foot level in New South Wales, but are common on siliceous 
soils in Northern Australia, thus showing a preference for the warmer climate 
Eucalyptus leaves with parallel venation occur in Tasmania, Victoria and 
Eastern New South Wales, while m Northern New South Wales their home is 
above the 3,000 foot level , and they are absent from Northern and Western 
Australia, but are found at the highest point that any Eucalyptus grows in 
Australia vi7 6 500 feet, thus showing a preference for cold and moist 
conditions 

4 ] ariaiion and Adaptation in the Eucalypti 
By Di CuTHBrRT 

Eucalypts have always been uedited with an excessive tendency to vani 
tion Howevci, many of the so called variations should moie propeily have the 
terms deviations oi fluctuation variations of De Vries applied to them These, 
are responses to physical conditions to which the genus is paiticularly sensitive 
Apart from these deviations there are many instances wheie two oi more foims 
closely approach each other Some of these which were classed is vaiietits 
should now in the light of fuller knowledge, be counted as distinct species 
It IS wiser to give specific lank wherever possible Evolution and the pro 
duction of varntions seem to be still activ^ely going on amongst the Eucalvpts 
Instances of variations may be given, imong which is one I shill shortly 
describe — evidence of the cotyledon leaves as to vaiiition and adaptation In 
the E corymho^n gioup these closely resemble those of the Angophorse 
Fmargination has had a great influence on the evolution of the cotyledons and 
their adaptation to Australian conditions This has gone on coincidentally with 
the evolution of other moiphologicil characters and of the essentiil oils 


TUESDAY, AUGUST 25 

Joint Discussion lutih Sections C (Geoloqy)^ D (Zoology), and 
E (Geography) on Past and Present Relations of Antarctica in their 
Geological, Biological, and Geographical ispccts — See p 409 
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The following Papers were read — 

1 The Vegetation of Gondwana Layid 
By Professor A. 0 Seward, Sc I) , F R S 

The geographical distribution of Permo Carboniferous plants throughout the 
world IS a subject on which much has been written in recent yeirs, and evidence 
has been brought forward pointing to the existence of two botanical provinces — 
a northern flora illustrated by the coal bearing strata of North America and 
Europe, and a southern flora obtained from strata in South America, South 
Africa, India, and Australia closely associated with glacial deposits The object 
of this paper was to institute a general comparison of the vegetation characteiistK. 
of the two provinces with a view to determine in the light of our present know 
ledge (i) the degree of difference between the floras, (ii) the bearing of the facts 
on the question of climate, (in) the relation of the Permo Carboniferous flora of 
the southern hemisphere to older floras throughout the world 


2 Recent Advance in our Knowledge of Siqdlaria 
By Professor Margaret Benson, D Sc 

After referring to the extraordinary habit of the plants included in this well 
known genus, and its distribution in time, the author pointed out that the 
f’^uctification of Sigillaria had been hitherto but veiy imperfectly known 
Recently a better knowledge of the leaves and cones has been attained Tne 
structure of the sporangia was then described and shown to be of exceptional 
interest 

M Zeiller was the first to prove from incrustation specimens the general 
habit of the cone and form of the cone scale Dr Kidston had since demon 
strated also bv incrustation specimen, certain characters of the spoiange The 
author has had for ten years some sections of a petrified sporange, but had no 
clue to its identity beyond the fact that it was Lycopodraceous 

Last year, however, from some ‘coal balls* from Shoie ncai Manchostei, 
sections were cut in the radial ind tangential planes of similar sporangia, and 
at once the resemblance to Dr Kidston’s specimens of SigiUario^trobus ciliatus 
becime apparent No less than four petrified cones were shortly afterwards 
investigated^ and found to agree in all mam features with the Sigillana cones 
of both Zeiller and Kidston 

Di Kidston’s incrustation sporangia had been regarded as being immersed in 
the tissue of the sporophyll In the new petrified mateiial this appearance was 
shown to be possibly due to the wall of the sporange being corned out as a shovel 
shaped expansion which exactly fitted into the concave uppei suifice of the 
sporophyll The petrified specimens had been prov ision illy named ^Mazocarpon, 
01 ‘loaf fruit,’ from Maze = a barley cake, beciuso of the hreadcuimb like 
appear am e of the sterile contained tissue 

Summary of evidence that Mazocarpon is a fructification of Sigillaiia — 

1 Resemblance to Dr Kidston’s Stqillano^irohu^ ciUatv^ 

2 Resemblance of cone axis and bracts to both ZeiHer’s and Kidston’s 
specimens (The cones are pedunculate, show deciduous cone scales and cone 
scars of characteristic form and arrangement ) 

3 Marked association with Sigillana foliage leaves, and the baik of 
Siqillana mamtllans 

The paper was illustrated by lantern slides and models 


3 Ty'pes of Vegetation on the Coast in the Neighbourhood of Adelaide, 
South Australia By Professor T G B Osborn 

The region under investigation is a sand dune fringed strip of coast extend 
ing m a direction approximately North and South for about eighteen miles from 
Outer Harbour at the northern extremity of Lefevre’s Peninsula to Marino, 
where the Cambrian rocks come down to the sea The area is situated m 
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lat 34° 56' S and long 138° 35' E , being a portion of the eastern shore of Gulf 
St Vincent The annual rainfall is about 18 inches, the bulk of which falls in 
the winter months, April to September The summer temperatures may be high, 
not infrequently over 100° F in the shade The prevailing winds during the 
summer are S W to S , in the winter N E to N 

St Vincent Gulf is of very recent origin/ and since Pleistocene times the 
coast has undergone several submergences and uplifts The sand forming the 
dunes has been heaped up along the shores of the gulf against the seiward 
extension of the recent and Tertiary clays forming the Adelaide Plain These 
clays are exposed by the drifting sand in small patches at the S of the area 
The dunes raised by the action of the S and S W winds have been prevented 
from attaining any great height by the action of the strong N and E winds 
which blow at certain times In the shallow waters of the Gulf are large areas 
of Posidonia, Pectenellay and Zostera, £he debris of which, cist up by the tide, 
form long banks a foot or more thick and as much as 20 feet across at high 
tide mark These banks protect the dunes as well as forming a basis for new 
ones 

Vegetation — In connection with the dunes the following communities* may 
be noted — 

Strand Plants — Atriplex cinerea^ Salsola lah and *Calile maritimn^ 

Mobile Dunes — These are colonised chiefly by Sptnifex hir^utu^^ which has 
stout, creeping rhizomes * Ammo'pliila arenana is planted in places, and 
is spontaneous on some mobile areas The floor of a * blow out * is usually first 
colonised by Sahola Inh 

Static Diine<i — The greater part of the dune fringe may be desciibed as 
static ^pimfcx hirsutus frequently extends o\er the seaward face to the level 
of the strand flora Associated with Sjnmfex and in part replacing it are many 
shrubs Of these Oleana axillaris is the most important, but Scm ola crassifolta, 
Alyxia buxifolia, &c , also occur, and are all able to grow through sand deposited 
on them Other plants include Pelargonium ausfrale^ Lotu<i australis 
^(Enothera biennis and Senecio lautus 

Fixed Dunes — In addition to the plants mentioned abo\e and other shrubs, 
vaiious Cjperaceous plants (Sctrpusy Lepidosperma) and also Dianella occur The 
ladiating prostrate stems of Mesemhryanthemum cequilaterale co\er much 
ground and serve to bind the sand Valleys of varying depth and width occui 
between the dunes In the deeper ones shrubs are common as above, with 
Leucopogon Pichei, Myoporum scrratum The ground flora has many heibaceous 
plants and includes several aliens The shrubby flora is not so characteristic 
of the more open valleys These aie colonised by Mesemhryanthemum agui 
tatcrale and * CEnothera biennis The dunes remote from the sea are ocdipied bv 
in open community of shrubby plants in which Acacia salicina^ Dodonea viscoba 
appear, Muehlenhec'kia adpressa. Clematis mtcrovbylla are woody climbers 
Trees of Eucalyptus odorata and Casuarina quaarnalvi^ occui and theie is 
evidence that thev were formerly more abundant 

Marine Salt mar ^heb — These are dc\ eloped on the landwaul side of the 
dunes in various estuarine areas 

Mangrove — The portions subject to tidal scour are colonised by Ancennia 
officinalis On the shoreward margin this is mingled with Suada mantima 

Salicornia Swamps — Sahcornia australe and S arbuscula arc the most im 
portant plants over large areas subject to occasional tidal inundation Brackish 
swamps beyond the tide limit are characterised by Melaleuca pustulata with 
Salicornias and Franicema Icevis, while Mesemhryanthemum au^trale also grows 
on better drained patches These swamps may pass abruptly into sand dunes 
or may show zoning, as (1) Sahcornia, (2) Sahcornia and Samohis repens, (3) 
Samolus repens and Sporobolus vtrgtnicus (4) Sporoholus, Spergularta, &c , 
passing to dune flora 

' Howchin, A A A S Deport 1913 

* The word ‘communities* is used intentionally in preference to the teim 

* association,* which it is thought better to avoid in the present preliminary 
communication 

* Plants not recognised as native in South Australia are distinguished by 

♦ preceding the name 
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Scrub Woodland — The tendency to form scrub on settled dunes has been 
noticed A woodland of Calhtna propinaua formerly characterised much of the 
level area behind the dunes that is slightly raised above the level of the salt 
swamps, but few trees now remain Under the influence of settlement the 
vegetation is either passing back to that of dunes or is becoming that of grass 
land, largely composed of Cynodon dactylon, and Sporoholua, with tussocTcs of 
Xerotea leucocephala 


4 On the Xerophyhc Characters of Bossisea scolopendna (Sm ) 

By A G Hamilton 

Bossicpa scolopendna is one of a group of leafless species of the genus, and 
IS common on the Hawkesbury Sandstone formation in the neighbourhood of 
Sydney, and on the Blue Mountains 

It IS leafless, but seedling plants have small elliptical leaves at first, and in 
very wet seasons leaves grow out on the mature branches in some instances The 
leaves are set vertically on the branches, and have stomates on both sides, and 
yet the geneial appearance is that of a dorsi ventral leaf, the midrib projecting 
on one side, the two halves being at an angle, and the colour differing, the 
side which should be lower being much lighter in colour 

The branches are flattened and winged, narrow in the lower part, but widen 
ing upwards to as much as three quarters of an inch The epidermis of the 
branches is covered with a network of ridges and, in the hollows between, the 
stomates occur They are very numerous The cuticle is fairly thick The 
palisade tissue is closely packed round the stomates, and absent under the 
ridges The individual cells are small in diameter and rather short There is 
no distinct spongy tissue The vascular system includes large areas occupied by 
sclerenchymatous fibres with thick walls and very small lumina The whole of 
the tissues contain a good deal of tannin 


5 Some Observations on the Life-history of Opluobolus giaminis 
(Sacc ) By Piofessor T G B Osborn 


6 The Spores of Basidiomycetes By J Burton Clfland, M D 

This paper presented a study of the spores of various Basidiomycetes found 
growing in Australia In the systematic classification of species, the remark 
able diversity met with as regards the character of the surface and the shape of 
the spores led to speculations as to the importance of these and as to their 
value m showing specific and generic relationships Though the results are 
inconclusive, the facts are of interest, and seem worthy of still closer invest i 
gation 

The spores have been considered from the following aspects — (1) Sire, (2) 
Colour in the mass , (3) Character of the surface , (4) General shape 

(1) Size — The size of mature spores seems to be si ecific within varying limits 
The dimensions vary in different species from about in some to at the 
other extreme (as seen in Australian specimens) Undoubtedly very closely 
allied species may show considerable differences in the dimensions of their spores 
(e g , Strophana aemiglohata and S atercorana) 

(2) Colour in the mass — This has been taken as a basis for the arbitrary 
classification of the Agarics Though of practical value, it tends to associate 
widely separated genera and to dissociate closely allied ones (e g , Lepiota and 
Paalhota) Whilst white spored species are, apparently, most numerous, various 
shades of brown are common Brown spores are met with in the Agaricacero, 
jPolyporacese, Thelephoracesp, Clavanacea, and Oasteromycetes Purplish or 
VINOUS tinted spores are seen amongst the Agaricacese and Thelephoraceae As 
the>loss or inhibition of colour is more likely to have taken place in the various 
sub oWers rather than its assumption in each case independently, the basic 
form fi^ni which the order sprang probably had coloured spores 

(3) ufl'Oracter of Surface — ^This may be (a) smooth, (6) echmately warty. 
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(c) tuberculose The majority of spores are smooth Amongst the Agaricaceas, 
whilst occasional genera are principally characterised by echinately warty spores 
(c 7 , Buseula)^ m other genera they are rare (e g , occasional in Inocybe) In the 
PolyporatesB occasional species of BcHetus show this form, in the Thelephoracess, 
sometimes in Thele'phora (usually more tuberculose) , and in the Qasteromycetes 
they are common The occurrence of peculiar nodulose or tuberculose spores 
in species of Thelephoray Inocyhty ancl several genera of pink spored Agarics is 
surely more than a coincidence, indicating almost certainly a common ancestry 
The paucity of species showing this character suggests its presence being a 
handicap to the maintenance of the species 

(4) Shape — This may be (a) spherical, (h) somewhat pear shaped (Lepiota 
type), (c) ellipsoid, (d) elongated ellipsoid, (c) fusiform ellipsoid (mummy 
shape), (/) curved, and other modifications (a) Amanita and Amanitopsia fre 
quently show spherical or subspherical spores (6) The pear shaped Lejnota 
type IS seen also m Pholiota and Psalhotay all ringed species macroscopically 
resembling each other, widely separated artificially by the colour of the spore 
mass The shape of the spores supports the general structure in indicating 
close generic affinities (c) Ellipsoid — ^the most prevalent type amongst Agarics 

(d) Elongated ellipsoid — appearing more in Polypoiacese and Thelephoraceae 

(e) Fusiform ellipsoid — characteristic especially of Boletus and perhaps of 
mechanical advantage in the falling of a long spore vertically down a narrow 
tube 

7 Potato Scab and its Causes By Piofessor T Johnson, D Sc 

All account was given of ‘powdery* scab, due to Spongospora subterranea , 
of black scab, due to Chrysophlyctis (Synchytrium) endobiotica, and of some 
experiments to determme to what extent ordinary scab is caused by mechanical 
iiritation 


WBDNBSDAYy AUGUST 26 
The following Papers were read — 

1 Inheritance tn certain Giant Races of Primula sinensis ^ 

By B, P Gregory, M A 

Experiments have been made with two giant races of Primula sinensis, which 
have been shown to be in the tetraploid condition, that is to say, the plants 
have 4x (48) chromosomes in the somatic cells and 2x (24) chromosomes m the 
gametic cells, whereas in the ordinary (diploid) races of the species the numbers 
are 2x (24) and x (12) respectively One of these races originated in the course 
of my own experiments from plants obtained in the F2 from a cioss between 
two ordinary diploid races, the other giant race consists of the progeny of a 
plant very kindly given me by Messrs Sutton & Sons 

The result of most general interest, which has been obtained from these 
experiments, is the discovery that the reduplication of the chromosomes has been 
accompanied by a reduplication of the series of factors In the pure bred diploid 
race each factor is represented twice, AA, in the tetraploid race it is repre- 
sented four times, AAAA, and theie are three distinct hybrid types, namely, 
AAAa, AAaa, Aaaa These three hybrid types may, or may not, be identical m 
appearance, according as the presence of a single ‘ dose * of the factoi is sufficient 
or insufficient for the perfect development of the character in the zygote , in either 
case they can be recognised by the progeny to which they give rise as a result 
of self fertilisation The hybiid AAAa gives no pure recessive types among its 
immediate progeny, but some of its offspring will give pure recessives in subse 

‘ A report of this woik has been published in the Proc Roy Soc , B, 
vol Ixxxvu , 1914, under the title ‘ On the Genetics of Tetraploid Plants ui 
Primula sinensis * 
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quent generations , the hybrid AAaa will give, on an average, one puie recessive 
in every sixteen of its offspring while the hybrid Aaaa will, like the diploid 
hybrid Aa, give one pure recessive in every four plants 

Batios of the form 15D IR, such as are obtained from the hybrid 
AAaa, recall those obtained in respect of certain characters by Nilsson 
Ehle “ in oats and wheat, and by East ® m maize, but in the tetraploid Primulas 
the reduplication affects not merely the factors for isolated characters, but 
extends simultaneously to all the characteis which have been studied The 
numerical consequences of the leduplication of the factors are most conveniently 
studied m cases in which a single dose of the factor is sufficient for the develop 
ment of the character, because one thus avoids difficulties of classification intro 
duced by the occurrence of intei mediate forms, characters which fulfil this 
condition in the giant Primulas are those ot (a) thrum eye or short style, os 
contrasted with pm eye or long style, and (6) green stigma, as contrasted with 
led stigma Crosses between various plants having thrum eye green stigma and 
others having pm eye red stigma have given the two kinds of hybrid, TTttGGgg 
and TtttGGgg,^ which have been identified by their progeny The former gives 
an F2 ratio of 15D IR m respect of each character , the latter gives 3T It and 
15G Ig When the hybrids, instead of being self fertilised, are crossed with the 
recessive, the type TTttGGgg gives offspring in the ratio 3D IR m respect of 
each character , while the hybrid TtttGGgg gives equality of thrum eye and pm 
eye and 3G Ig If the two characters are considered together, a hybrid of the 
type TtttGGgg would, in the absence of special inter relations between the 
factors, give the curious F2 latio 45TG 3Tg 15tG Itg, m the case under dis 
cussion, however, the results obtained indicate that a complication may be intro 
duced by the existence of coupling between the factors for thrum eye and green 
stigma and further experiment is needed for their elucidation 

Other characters have been studied, in lespect of which the hybrid is more 
or less intermediate between the two pure types In the case of one character, 
namely, the palmate leaf as contrasted with the ‘ fein leaf,’ dominance is com 
plete m the diploid races, the hybrid, Pp, being indistinguishable m appearance 
from the pure palmate type, PP , but m the tetraploid races a series of cin'ious 
intermediates has been obtained, which are probably of the Pppp 

In other cases where the diploid hybrid is intermediate, the C6rrespondmg form 
occurs among the tetraploid hybrids, but, m addition^ iliere also occur peculiar 
intermediate forms, whicluare confined to tetraploid races and are quite dis 
tmet from the diploid hybrid fa/tfi " In the case of the factor which, m the 
homozygous condition, inhibits the production of colour m the petals, the tetra 
ploid hybrid, Iiii, might, so far as appearances go, very well be classed as a 
coloured form , yet this ostensible recessive is capable of throwing the ‘ dominant 
white * 

The results so far obtained do not throw direct light on the problem of the 
possible relationships between factors and chromosomes The fact that the 
reduplication of the chromosomes has been accompanied by a reduplication of 
the series of factors may, at first sight, suggest a close relation between the 
chromosomes and the factors, but, on the other hand, the tetraploid number of 
chromosomes may be nothing more than an index of the quadruple nature of the 
cell as a whole There are, however, grounds for hoping that the further study 
of the genetics of the tetraploid plants, especially with reference to the special 
inter relations between certain factors of which indications have been observed, 
may yield results having a direct bearing in connection with this problem 


* ‘ Kreuzungsuntersuchungeii an Hafer und Weizen,* I and II Lunds 

ZJntv Arsskriftj 1909 and 1911, Bertchte d Deutschen Bot Gesellschaft, xxix , 
1911, p 65 / > > 

® American Naturalist, xliv , 1910, p 65 

* The hybrid type having three doses of either factor, TTTt or GGGg, is not 
produced by the mating of a dominant with a pure recessive, tttt or gggg It 
can only be formed by the mating of plants producing gametes TT (or GG) 
and Tt (or Gg) 
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2 4 Botanical Survey of North-East New South Wafes 
By Frederick Teener, ELS, F R H S 

North East New South Wales, considered from a botanical point of view, 
LS one of the most fertile and interesting sections of country on the Australian 
continent Reference is made to its area, configuration, soil, climate, and rain 
fall Its flora, which is described as semi tropical, being very dense and luxuri 
ant in places, has occupied the author’s attention since early in the ’eighties A 
greater number of indigenous species of plants are growing there than on any 
other area of similar size in New South Wales Much of the arboreal vegetation 
IS festooned with immense and in many instances beautiful flowering climbing 
plants, and on the trunks and larger branches of some trees epiphytal orchids 
and ferns are growing plentifully, while the ground is literally carpeted with 
many species of terrestrial ferns On one gigantic fig tree, Ftcus macrophylla, 
Deaf , more than two hundred epiphytal orchids and ferns have been observed 
In different parts of this area there are magnificent forests of various species 
of trees, consisting of both hard and soft woods The more important of 
the former are the species of Eucalyptus, and of the latter Cedrela Toona, 
Roxb Other trees produce valuable, and in some instances highly orna 
mental, timber, suitable for many industrial purposes The rarest and most 
lemarkable tree ot New South Wales is Strychnos pstlospermn, F v M , of 
whioh botanical specimens are exhibited According to Dr James M Petrie, 
FTC, it yields strycliuiup, hrucine, and the newly discovered Australnn 
alkaloid strychmetne Reference is made to the medicinal value of Duboism 
myoporoidcs, R Br , and a number of other plants Mention is made of the 
edible fruit and nut bearing trees which once furnished food for the aborigines, 
the trees and shrubs with strongly scented baik and leaves, and also those which 
yielded d>es and fibres for the natives The most conspicuous flowering tree is 
Stercuhn acen folia, A Cunn Tn the month of December it usually produces 
numerous panicles of rich red flowers, which have a charming and brilliant effect 
LcCfUm inosre are widely distributed and are a conspicuous feature, consisting of 
trees shrubs, and climbers, producing a profusion of various colouied flowers 
mostly stiikingly beautiful Several species of Hibiscus produce very large and 
showy flowers the most remarkable being H splendens, Fraser The palms, 
although they only number a few species sometimes grow into miniature forests 
producing a decidedly tropical effect Fern trees grow abundantly in many 
places, and some attain a considerable height In the open country the forage 
plints and grasses form a Urge percentage of the vegetation and are of great 
economic value There are heaths of considerable extent which are covered with 
dwarf shrubs and herbaceous plants which produce a singularly beautiful effect 
when in bloom 

This 13 the first botanical survey of the North East, and has added to the 
indigenous plants not previously recorded for New South Wales, twelve genera 
sixty nine species, and many new \arieties The number of Phanerogams and 
\ascuhr Cryptogams in the North East is 743 genera and 1,797 species 


3 Extra-tropical Forestry tn Portugal By D E Hutchins 

Extra tropical forestry in Southern Spam and Portugal has a peculiar interest 
for southern extra tropical Australia, because the climate, the trees, and the 
forestry of both countries are (or will be) the same Australia is now paying out 
about 3,000,000? yearly for imported soft wood , and to produce this at home in 
the future (judging from the experiences of South Africa) Australia will have 
mainly to copy the forestry of Southern Europe The writer, after a life time 
in South African forestry, has recently completed a forest tour in Southern 
Spain and Portugal The chief points of interest for Englishmen are these — 

The most important forest tree, and the only abundant forest species in 
Portugal, is the Cluster Pine (Ptnus Pinaster), the same tree which (under the 
name of the Maritime Pine) has transformed the dreary malaria stricken 
‘Landes’ of Southern France It is the Cluster Pine also which, on its own 
merits, has become the most abundant coniferous tree in South Africa The 
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Cluster Pine and the Stone Pine were introduced into South Africa some three 
hundred years ago^ and have now become completely naturalised there, in the 
sense that they have taken the place of the weak natural forest flora of the 
country, and would remain there if the hand of man were withdrawn 

In the centre of a large pine forest area in Portugal is the State forest of 
Leina comprising over thirty thousand acres It has long been worked for timber 
of large dimensions , and is perhaps the best example of a highly cvltivated pine 
forest in the extra tropics The temperature here is between that of Sydney and 
Melbourne, the rainfall is similar except that it falls almost entirely in winter 
Timber of the finest description is seen in the Leirfa forest, as fine as any timber 
in the best forest of central and northern Europe I measured trees up to 
35 inches diameter and 168 feet total height, and I saw great baulks of timber 
being taken out of the forest, such as one sees in the Black Forest of Germany 
One usually associates Cluster Pine with pit props, sleepers, and small timber , 
but the State Forest of Leirfa produces pine timber which is used for every 
purpose of house building and furniture To protect the forest from fire during 
the dry summer weather, there is a complete system of fire paths, watch towers, 
and telephones The area of private Cluster Pine forest in Portugal is very 
large This is mainly occupied in providing mine props for England Not much 
resin is produced in either State or private forest in Portugal 

Cork Oak {Quercu*i Suber) — ^After the Cluster Pine the next most valuable 
forest tree in Portugal is the Cork Oak The Cluster Pine and the Cork Oak 
together enable Portugal to export about 1,250,000/ worth of forest produce 
yearly 

Busaco Cedar (Cupressus hmtanica) has been naturalised in Portugal about 
the same time as the two pines in South Africa My friend Dr Henry has 
shown that it came originally from Mexico, it now produces the most valuable 
timber in the natural forests of Portugal It should occupy a prominent place 
in any scheme of extra tropical forestry It is a most beiutiful and valuable 
tree 

Stone Pine {Pinu9 Pmea) — This useful pine with its valuable nuts has suffeied 
badly in South Africa from a fungoid disease, but in Spun and Portugal it is 
nearly free from it 

Aleppo Pine (Ptnm halepenn^) — This has certain advantages over Clnstei 
Pine It stands more drought, it will put up with lime in the soil, it transplants 
more easily , it is somewhat more shade bearing It is the species uoed foi 
reforesting the devastated mountains of Southern Spain 

Oaks — ^Five Oaks occur in Southern Portugal The common British 0 ik 
(Quercus pedunculata) occurs as copse and scattered trees on good soil Portugal 
pays heavily for cooperage wood, and wants a great deal more Oak 

Quercus lusxtanxca may almost be regarded as the extra tropical form of the 
British Oak It should occupy an important part in the future forestiy of 
Australia It has been nearly exterminated in Portugal precisely on account of 
its valuable qualities 

Quercus Tozza somewhat resembles the Durmast Oak of England , it is not 
often seen as a large tree, but makes valuable firewood copse 

Quercus Ilex — The forest tree planter in Australia and South Africa will 
generally prefer its first cousin, the Cork Oak, but the Ilex is somewhat hardier 
than the Cork Oak It is the last tree left on the mountains in Southern Spain 
and Portugal, when fires and the axes and goats of the peasants have produced 
universal desolation Its chief value lies in acorns for pig feeding, and there is 
a variety termed Ballota which produces acorns nearly as sweet as a chestnut 
Chestnut (Gastania vesca) seems steadily dying out in Spain and Portugal, as 
in other Mediterranean countries The threatened loss of this valuable tree is 
one of the saddest features in modern European forestry It may take a new lease 
of life in the southern hemisphere, care being of course taken (as with Eucalyptus 
in South Africa) to import the tree without its pests 

The Portuguese forest service is well organised, and the department generally 
far in advance of Britain and the self governing British Colonies, except ^uth 
Africa It used to be customary in the forest text books to place Spam, Portugal, 
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and the British Empire at the bottom of the hst as regards effective State 
forestry But forestry in Spam and Portugal is now a quarter of a century 
ahead of that of the iE^itish Isles , and many valuable lessons are to be learnt by 
those who can go to Spam and Portugal for the purpose of studying forestry 
Portugal imports one third million pounds* worth (against three millions Australia 
and thirty millions Britam) of forest products which, with good forestry, would 
come from the waste lands of each of these three countries Portugal exports 
about one and a quarter million pounds* worth of forest products — cork, one 
million , Cluster Pine pit props, &c , one third million , against Australia one 
million and Britain nothing (the figures shown being re exportations) Portugal 
and Australia have each a population of over four millions 
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Seciion L —education 

Pbesident of 'iHE SECTION — ^Peofessob J Pebey, LL D , P E S 


The President delivered the following Addiess at bydney on Fiiday, 
August 21 — 

I WISH to make some geneial lemarks upon the tbcieiice of Education As in the 
chapter which was entitled * The bnakes of Iceland/ and which meiely consisted 
of the sentence, ‘ There are no snakes in Iceland,' I might hnish this Address 
at once by saying ‘There is no science of education * Ihere is the ait or prac 
tice of teaching or pedagogy, just as tl ere used to be the art of engmcciing It 
was only slowly that the subject of Section G, the bcience of Engineci ing, wis 
created, but the subject of Section L, this Section, has still to be cieated In 
the creation of a science we fiist and for long neiiods have the obscivation of 
detached phenomeiu and disputes about them, because the phenomena seem 
complex, having no obvious connection ^vlth one i othci , then expeiiincnts 
simplify things, and giadually the science is cicated by indnctive icisonmg and 
research In education, observation and disputes have occupied much time, and 
we cannot say that the phenomena have become much simplified by such expcii 
ments as have been made Every man in the stieet considers that his opinions 
on education are as good as those of anybody else I suppose that almost 
nobody would refuse to make an aftei dinnei speech on any kind of education, 
whereas he would not dieani of speaking about gcometiy, or chemistiy, or 
physics, or physiology unless he had studied these subjects Any oidmaiy 
citizen thinks himself fit to be a member of the goveining body of a school or 
college, and the disasteis due to this belief are woise than what would occui it 
we gave to such men the command of ships The ordinary man, t specially the 
Parliamentary man, who thinks that the membeis of a committee on sonic 
scientific business ought all to be non scientifii men, will jeei it this statement, 
but it IS, nevertheless, fatally tiue 

It IS possible that, even it we had the science, the pedagogues would pay no 
attention to its principles, just as theie are industriil chemists in London whose 
businesses are dwindling because they pay no attention to the science of chemistry 
Pedagogy is in a woise condition thin indu'jtiial chemistiy, because chemical 
products can be easily tested as good or bad, whereas the pedagogic pioduct is 
exceedingly difficult to test The customei is the worst of judges Those soul 
destroying cheap schools desciibed by Mr Wells used to be veiy iiiimeious, 
they are still, many of them, in existence Eveiy obseivant peison knows of 
these places, to which small shopkeepers still send their sons, oecause they aie 
genteel and cheap, and because Latin is taught, and peihaps Iiench Did any 
such paient ever object to the result of the schooling’ Even when a boy has 
become a man, neither he nor his father knows whether his defects or merits are 
due to bad or good schooling Please read Mr Wells’ book about Mr Polly 
Again, the reforms in pedagogy which, with Dr Armstrong, I have been 
clamouring for during the last thirty years, would cause the best known peda 
gogues to scrap all their machinery and so to lose nearly the whole of their 
invested capital Even when they are not influenced by the idea of losing money, 
these men cannot be made to believe in the necessity for reform any more than 
the Central Africiu worshippers of hideous idols can be converted, for with just 
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as much intensity do they worship the product of our present schools and colleges 
The pedagogue is not alone in his false woiship, this is the day of small men, 
commonplace men, men manufactured like so many buttons, so that it is almost 
impossible foi a great man to appear, everybody is compelled by custom or 
by law to go to school, and the school ideal is just as false and mean and 
material as any false religion ever was Every clever man who has gone to 
a public school and to Oxford or Cambridge worships the system which has 
taken from him his spiritual birthright, his individuality, his initiative, 
his oiiginality, his common sense, his power to think for himself — yes, and 1 
may say his belief in himself He has become too much like a sheep, leady 
to follow the bell wether, he is a man who has greatly lost his soul Average 
boys leaving a public school all speak in the same way, in the same words, 
about anything They aie nearly as much alike as things manufactured by the 
same machine An expeit easily tells from what school a boy has come because 
there is nothing left in his mind whuh is not common to tiie whole school 

The education given in Englind to boys till they leave school at twenty and 
till they graduate it a University is almost altogether classical that is founded 
on the language and litei ituie of Greet t and Home On the day on which I wrote 
this there was a report of an iddress in Fhe Times which said that this study 
w IS the cause ‘of ill imaginative ispii itions, of ill intellectual inteiests ’ , it 
eiiibled men to appreciate, not onlv Homer and 'Virgil, but equally Dante and 
Milton, Goethe, ind Woidswoith, all the gieat thouights of all ages and all lands, 
and to be awake to the movements ot their own day It said thit this study 
m ide i man *a better man of business, a better lawyer, i better merchant, abetter 
stockbroker, a less hidebound politician* ‘Those who would banish Greek or 
would make it the peculiai property ot a select few did a grave disseivne to the 
whole cause of intellectual and spmtual life * Ihe wiitci then de‘«cribed his own 
diligent reiding in the ti un every moining, in the course of i few months he had 
leid the ‘ 111 id,’ the ‘ Odyssev,’ the ‘ Aeneid,’ fi\e books of Livy, md the wholeof 
‘ Catullus ’ ind ‘Maitial ’ It seems almost as if ho must have all extant classical 
literature off by heart He must have enoimous satisfaction is he sits in the 
ti nil looking at the (piite common trvvellers who are reading about the iff iirs of 
the nition in English ncwspipeis I quote the ibove stitcmcnts because they 
no typicil All our classic il friends say that soit of thing But I do not piy 
much attention to them, bee i use I know that the gieitest clissical schol irs only 
devote themselves to editing some Greek text tint his been edited over and over 
igiiii These men rave ibout the glory ot youth and beauty as picached by the 
Greeks, but then enthusiasm is not shown in iny piactn il wav We must 
believe th it this enthusiisni exists, because these men tell us themselves thit^ 
they experienie it But what is a fur man to say when he heirs his fi rends talk 
of the beauties of Sophocles and Euiipides if he knows that these fi lends never 
leid Shakespeau oi line Austen oi Goldsmith, oi Dickens' 1 have not 
reteiied to the fact tint classical scholaiship leads to powei and wealth in the 
Chuich and State, to pal ices ind baionies, to puiple iiid fine linen Leaving 
such things out of iccount, I have a suspicion that this worship of classics is like 
one’s fondness foi the ihymes, often lubbishy ihymes, that associate themselves 
with GUI infancy ind boyhood, oi like Johnson’s belief that his wife was amiable 
and beiutiful It is even possible thit the veiy best scholar is of but little use 
to the world It would be easy to show that, since the sixteenth centuiv, the 
classical ped int lias done little but to spoil the rich English langu ige of our 
Bible We want now a miii like Bishop Pecock to delatinize oui language 

Let us, however, considei a boy of another class — the bov called clever, say, 
one in twenty of the whole At the age of tw enty or tw enty one, stale and 
tired with the leception of incient leaining, of othei men’s thoughts, he gains 
a fine scholaiship at the University, where he is supposed to be almost a free 
man, and all the use he can mike ot his tieedom is to go on ab'^oibing ancient 
learning, keeping his nose to the giindstone is it he were still a schoolboy 
Treated as a boy from seventeen to twenty out, he remains a boy till he is twenty 
foul, and he cannot help becoming a sm ill minded though clever and learned, 
man, who fails to see that literature is no longei the possession of a small class 
Yet if he hid lett school foi the Univeisitv it sixteen oi seventeen we might hope 
that University freedom and association with othei s ind with learned men 
might have made him great, a great poet, i man of cultivated imagination, fit 
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to become a great writer, a great philosopher, a great politician, a ruler of men 
One of the curses of intellectual England is due to schoolmasters keeping 
men at school and treating them as boys to the age of twenty or twenty one 
They take scholarships as stall fed cattle take prizes at agricultural shows 

Our famous writers had, like Burns no school education, or else only a short 
school education Boys went to the University too early after the Renaissance, 
and Bacon entered Cambridge at the age of thirteen Shakespeare, thank God, 
was only at a grammar school, and is supposed not to have completed even that 
short course of school woik Even Ben Jonson, who was so proud of his learning 
and rather scorned Shakespeare for his ‘small Latin and less Greek,’ had only 
a short school education Phineas Fletcher went to Cambridge at sixteen 
Massinger went to Oxford at eighteen Of the school time of some of our most 
original writers we have but little information, but that it must have been short 
we have indirect proof Beaumont’s fiist play was produced at the age of 
twenty one Waller entered Parliament and wrote his first poem at eighteen 
Drydeii \\ent to Oxford at seventeen Milton went to Cambridge at seventeen 
Addison went to Oxford at fifteen The whole of Pope’s school education was 
lour and a half years Swift went to Dublin University at fifteen Goldsmith, 
after a most eriatic school time, entered Dublin when he was fifteen Our (present 
school system is to keep a boy with his nose to the classics grindstone from the 
age of eleven to the age of twenty, and copies the German system The result 
is the same in Germany and England Genius is very common in both countiies, 
but 99 per cent of it is destroyed by the schools It is, however, when we come 
to study the average boy — nineteen in twenty of ill boys — that the system looks 
most devilish In Germany it is worse than in England There e\ en the a\ erage 
boy submits, and plods hard all the time, because there is a great reward for him 
— a diminution in his time of military service Well, the result for the average 
German boy is that he becomes stupefied, dull and loses all initiative The 
average English boy gets much less of these evil effects, because he neglects his 
schoolroom work and keeps his mind active and his soul alive by means of football 
and cricket It is from this gieat characteristic, that knowledge and wisdom come 
from doing and not from abstract reasoning, th it the British rice rules the world 
We learn all that induces common sense from obseivation and experiment I often 
used to observe that a boy whose face was attractive beciuse of its brightness and 
intelligence in the cricket field, seemed when he entered my classroom as if an 
isolating veil of unintelligence suddenly coveied his face He had settled for 
life that he could not understand the classroom work, and he lelused to make any 
more efforts Even the clever boy’s soul js to some extent protected by his sports, 
BO that in eveiy way less harm is done in England than in Germany Still, the 
system produces, even from clever boys, only clevei, dull men, fit to be barnacles 
in the public services The system may be said to give a good training for 
lawyers — 'the necessaiy clever kind of lawyei of the Law Courts ind Charabeis 
who IS mute in the House of Commons ' But it destroys the higher qualities of 
men and makes them narrow It ought to be remembeied that Lord feomers was 
the only great lawyer who was also a great man Poor boys ciimot get this 

‘ The acuteness of a lawyer in finding the meaning of a document is very 
wonderful Almost any mental po'wer can be cultivated to such a very high 
degree that it almost seems diabolical A trained person after passing a shop 
window rapidly is able to describe every object in the window, although the 
objects may be very numerous and curiously different Yet this same man may 
not be at all clever in other ways In patent cases a clever judge takes in the 
most elementary scientific knowledge with very great difficulty The readers of the 
hundreds of newspaper articles of any morning — as like one another as herrings — 
are awed with their display of culture, of depth of thought, of knowledge, and 
with, what IS more astounding than anything else, an infinitely perfect Oxford 
polish Watching the performances of an Oxford man of letters is like watch 
ing a good billiard player or a skilled musician His mind is filled with the 
thoughts of other men, pigeonholed ready for use It is extraordinary that a 
man can have been so educated as to be a good debater, to be able to make a 
fine speech, that he may have taken a degree at Oxford, that he may have passed 
examinations in classics, philosophy, and mathematics, and yet be exceedingly 
ignorant, illogical, and unscientific 



PRESIDENTIAL ADDRESS 


595 


training unless they are so unlucky as to get scholarships, or are induced to 
attend University extension lectures , and it lesults that nearly all our best 
writers, writers wijbh imagination and originality and initiative and in 
dividuality, have been boys of the common people Although poor boys are 
most frightfully handicapped for the race to distinction, I do not think that the 
poor child IS much handicapped by mere heredity, for he is naturally nearly equal 
to a boy ot the highest lineage Natural selection up to the time of the first 
great civilisations, when theie were comfortable houses and palaces — say, 100,000 
years ago — together with the effects since then of revolutions and wars of con 
quest, involving slavery of the conquered, have creited a wonderful equility 
among the individuals of mixable races 

For the average boy at a public school the school work is a terrible uphill grind 
all the time , a soul destroying, stupefying business, so stupefying that he makes 
no complaint, he merely suffers He feels that he is a failure, learning nothing 
that can be of spiritual or material value to him in his future life Of course, 
he can pass examinations , anybody can be crammed to pass an examination, 
but aftei the examination he forgets what he was supposed to have learnt 

The present system of education is to be condemned for other reasons Tt is 
exasperating that all the most important, the most bi illiant, the most expensively 
educated people in England, our poets and novelists, our legislators and lawyers, 
our soldieis and sailors, our great manufacturers and merchants, our clergymen 
and schoolmasters, are quite ignorant of natural science, and it miy almost be 
said that in spite of these clever ignoiant men, and men like them in other conn 
tiies, through the igency of scientific men, all the conditions of civilisation aie 
being transformed I do not think that a fact of this kind would have been 
neglected by the philosophers of Greece (who scorned to know any other language 
than their own) or the learned men of Rome, but when some of us direct attention 
to it and its neglect by modern philosophers we are sneered at as Philistines It 
IS a curious kind of culture which scorns the lessons of history, the study of man 
in his relation to nature, the study of the enormous new forces which are now 
affecting the relations of nations to one another How many of our rulers know 
the astounding fact that the cost of the most unskilled work done by man costs 
1,000 times as much as when that woik is done by a steam engine’ Hence it is 
that the steam engine has given means tor leisure and high cultuie, yes, and low 
culture and dec idence, to hundreds of people instead of units* And the steam 
engine enables rulers to spend a hundred times as much money on soldieis and 
s iilors and ships and munitions of wai as they did two hundred years ago 
The University man thinks that he can get some knowledge of science by read 
ing, but without laboratory study he is like the man who said ‘ bailey ’ when he 
wanted to escape from the lobbers’ cave and ought to have said ‘ sesame ’ Do 
you know the ballad about Count Arnaldos, who envied the old helmsman his 
weird and wondrous powers’ 

‘Would’st thou,* thus the helmsman ansvveied, 

‘Learn the seciet of the sea’ 

Only those that brave its dangers 
Comprehend its mystery ’ 

I know that tho ordinal y University man thinks, like the wistful Count, that 
he can get all things easily oi by mere reading But, in truth, to read the 
‘ Oiigin of Species, or tieatises on astronomy oi physics or chemistiy is a mis 
leading peifoimance unless the reader bungs to the study that kind of mind 
which has been developed ilready by his own obseivation and expeiinient 

The University man, ignorant of science, becomes a luler of our gieat nation, 
his duty during war and peace being that of a scientific administiator, and with 
out turning a hair he fraudulently accepts this impoitant duty for which he is 
utterly unfit The gods must surely laugh when the^ see these rulers of ours 
gibing at scientific things, giving important posts to non scientific men who scorn 
and obstruct the scientific men who are under then orders If Oxford scholars 
were merely like so many monks in their monastery, living the lives and following 
the studies which they love, I would say nothmg The revenues so used up are, 
I think, of no great impoitance to the country, and busy men elsevvheie can only 
be benefited in knowing that at Oxford and Cambridge there aie these lovely 
lamaseries where men are living in seiene air apart from the stiuggles of the 
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world, living wh it they think to be the higher kind of life, that of the amateur 
copying the lives of the scholars of Constantinople before they were so mercifully^, 
scattered in 1453, copying the meditative ways of the divines and hermits of the 
fourth and fifth centuries Unfortunately the Oxford hermits have by a series 
of accidents become the rulers of the greatest empire that the earth has ever 
seen, and it is very obvious indeed through many other things than the starting 
of South African wars that they are unfit for their job 

If our rulers were like savage chiefs, they might possibly give equal chances to 
candidates for posts , but unfortunately it is as if our leaders possessed great 
negative knowledge of Natural Science, ard as if a man’s chances of being 
appointed to a scientific post or of having his advice listened to were in inverse 
proportion to his scientific qualifications Scientific men look around them and 
see that everything is wrong in the present arrangements, but they also see that 
it IS useless to give advice which cannot be undei stood by oui rulers And, 
indeed, I may say that when by accident a scientific man is appointed on a 
committee there is a negative inducement for him to do anything 

Many men enter the services by examination, and it is always through 
cramming that they pass In some cases the examination is supposed to be in 
science In truth, the scientific habit of thought, the real study of science, 
the very fitness of a boy for entrance to the sei\ice, would unfit him for 
passing these abominable unscientific examinations hoi some aimy posts, 
further scientific food is piovided by the Go\einment for the classical oi modern 
language or science dummies after thej enter the service If one wishes to hear 
how evil this system of pretended education is, let him ask the opinion of some 
of the professors who are condemned to help in canying it out The whole 
system is foolishness from top to bottom, and the men prepaied by the system 
cannot see how aboniin ible it is, e\en wnen they are aftei wards tiying to 
impro\e it, well mannered mediocrity is eveiywheie successful and lepioduccs 
itself 

I have been dwelling upon the consequences of letting aristocratic University 
men who aie to be rulers of the country have an education which involves no 
study of natural science Besides these men we have a larger number of middle 
class men who will succeed their fathers in the management, not meiely of landed 
estates, but of much more valuable estates in the manuf icture and distribution of 
things With them there is the same contempt for books, foi learning, and the 
same absence, not ineielj of knowdcdge ind of naturil science, but of those 
scientific habits of thought and methods of appioaching pioblems which experi 
mental research tends to pioduce Ihese men become the owneis of factories the 
spirit of which ought to be scientific research, the competing factories in Gei 
many, Fiance, and America are run by men of scientific method, but our owneis 
discourage reform in eveiy possible way Ihe rule of thumb of their fatheis and 
grandfathers is good enough for them Their factories are so badly arranged 
that the works cost of any manufacture is twice what it ought to be and the time 
taken IS twice as gieat They take eageily to all sorts of quack i emedies for bid 
trade, they are the easy victims of fiaudulent persons These are the men who 
discourage all education in the people employed by them, managers, foiemen, and 
workmen They are what I call unskilled workmen— that is, unskilled owners of 
works — and it is the University and the whole system of their education which is 
to blame for their unskilfulness It is astounding how quickly unskilled owners 
of works are being eliminated, but there is a new crop of them every year 
The want of education of these men is very harmful to the country 

But I get too angry when I think of what our Universities might do in the 
great world of natural science and of the futility of almost all their studies And 
this anger is greater when I think that the Univeisitics rule the schools The 
general higher education of the community is being altogether neglected, the 
general culture of professional men is being neglected, and in the case of pro 
fessions involving applications of physical science, useless obligatory subjects 
are insisted upon, so that for these professions the University is a harmful 
institution Medical students have so much hard work in various kinds of 
grammar subjects required for matriculation that they must be forgiven for their 
utter ignorance of natural science But an outside Philistine may also be forgiven 
when he suggests that the whole country might benefit if the school training of 
medical students put them more in sympathy with scientific discoveiy It is a 
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well known fact that there are medical men in lucrative practice, said to have 
the highest University qualifications, who tell you frankly that they do not 
believe in bacteriology ’ 

A great many young men from the secondary schools are now entering the 
engineering profession By engineering I mean any kind of applied physical 
science Every important town in Greit Britain has established at least one 
great technical college at large cost in building and apparatus, with staffs 
of professors and teachers (always badly paid), and it is found that for 
their first two yeais the students have to be kept at great cost to the country 
learning those simple principles of sdence which they ought to have learnt it 
school It IS found that they are not only ignorant, but they have none of the 
habits of thought and scientific method which school laboratory work induces 
The clever ones, if they leave school at seventeen, recover from the effects of a 
school education which prepared men only for being lawyers or clergymen , but the 
avenge man finds that he his been prepared only to be a hewer of wood and a 
drawer of water to the real engineer It is found m most cases that the success 
fill students are those who have attended primary schools wheie no boy is com 
pelled to learn any language other than English, and where every boy does 
laboratory work in mathematics and natural science Theie can be no doubt that 
poor boys have now an enormous advantage over the sons of rich men, for even 
when the fees of the day classes are large the evening class fees are small, and 
the poor boys attending the litter aie getting to be verj fit for higher study in 
natural science 

The English school system has outlived the medueval conditions which pro 
duced it In old days the only wiy to knowledge was through Latin all 
writing was in Latin The lesult then was pretty much what it is now, lawyers, 
cleigynien, and schoolmasters had to know some Latin aftei school life, the 
average man foigot anything he had leaint A few \eiy clever men did read, 
but the average monk or priest was a very ignorant person 

English iieople know the worthlessness of the public school system in the 
mental ti lining of the average boy Why, then, do they submit to it’ However 
conseivitivc they may be, they would not submit to this worthless system merely 
bciausc it IS hillowed by a histoiy of 50() yens 

Ihc 1 let is, this worthless system continues because in some occult way it 
seems to haie a connection with something ot real importance, public school form 
There is really no connection When, m my youth, I was a master at one of the 
gieit English public schools, like everybody else I w is a frightful png in 
icgaid to public school form Eton foim oi Hariow form oi Rugby foim oi 
Clifton form wis the thing it each of these schools which was thought to be of 
nioie value than anything else in the woild Di Arnold, of Rugby, taught the 
trick of nianuf icturing it It is in itself i splendid thing Ihe public school 
boy IS ti lined in self possession, modestv, cleanliness, tiuthfulness, ind courage 
At school his health in body and moials is all important He leains to lead and 
also to obey But the average resulting man is exceedinglv ignoiant, ho neither 
reads nor wiites, ind he his little reasoning power except what his sports have 
developed This foim is essentiilly aristocratic It is based on superioiity of 
position or birth or caste A man’s place is fixed, his attitude to people of 
higher or lower rank is fixed He needs no self assertion, and he cannot become 
i ‘ bounder, thit is, i ‘ cad ’ , but in Thickei ly s sense he is usually a ‘ snob,* 
and in vinous directions he may be a pn</ liy png, I mein i man who cannot 
get outside convention ind so cannot exercise his own common sense One 
defect IS that public school form when combined with poverty cannot 
make much money by its own ability, ind it it does not starve it must 
join the valets or the giooms Its stiength lies in convention and 
habit and the belief that poor people are not men but a lower kind of 
animal who may be pitied as wo pity a suffering dog Such pity can never 
ruse the people oi reform abuses In the middle ages young gentlemen of 
England had the same sort of educition It was probably best in Plantagenet 
times, when indeed a well trained young gentleman was not only very healthy and 
courageous, but he had not much chance of becoming lazy A man was proud of 
his heavy armoui, and he was trained to act vigorously when canying it They 
weie chi vail ous to each othci, but, alas’ to people outside then own class they 



698 


TRANSACTIONS OF SECTION L 


were cruel The BUck Prince is typical , think of his courtesy to King John of 
France, and then think of his destruction of the persons and property of all the 
peasantry m those large regions of France which he covered with his marauding 
soldiers This kind of chivalry, which is nevei exhibited to a lower class than 
one’s own, has its beauty, but it does not suit a democracy, it requires that there 
should be a lower class than its own The Spartans needed their helots The 
Southern planter in America had fine manners, but he could not have cultivated 
them if there had been no slaves and mean whites It is a well known fact that 
some years before the Civil War in America it was seriously proposed by 
prominent Southerners to make slaves of the ‘mean,* that is, the poor whites 
The chivalrous Andrew Fletchei of Saltoun showed but little knowledge of his 
countrymen when he formed his plan for reducing a large part of the working 
classes of Scotland to slavery Public school foim may sit not unhandsomely 
upon country gentlemen or any rich men who have many servants or tenants or 
other dependents, but it does not sit at all well upon poorer men, for it puts them 
out^of sympathy with people among whom they must work It is heartbreaking 
when associated with the poverty of a man looking for work in places where he 
has no influential friends, as it is nearly always associated with illiteracy and want 
of wisdom, with helplessness and with disinclination to learn Nobody doubts 
that a modern couritiy gentleman is much more polished than Squire Western oi 
Squire Lumpkin, but he has much the same opinions and foims them in the same 
way The manners of a young officei aie certiinly supeiior to those of Ensign 
Noitheiton but he is in much the sime st ite of ignoi nice ’ 

We ask the schools foi mental power as of old one asked foi biead, ind they 
gi\e us a stone No doubt public school form is i beautiful stone, a diamond, 
but we want some broid is well, even if it weie onl> in the V ilstafhan pioportion 
of bread to sick Foi my put I do not sec whv the average boy at school 
should not Inve reasoning power and a lo\e for leiding and knowledge as well as 
good manneis, and this is why 1 ask foi i gieit leform in oui schools We want 
from the school what Natuie has not been iccustorned to give, and what homo 
life cannot give, the development of the intellect, and the school fails to give it 
in ninety five out ot eveiy 1(X) cases The gicat dangei in school life is that 
it liny huit individuility oiiginility, because i boy, however haium scaium, is 
iiatui illy conventional md imitative Good foim comes eisily theiefore, and the 
master is moie than satisfied, he is proud He often speaks of it as charm tcij 
but he is quite wrong Chaiucter comes fiom home life, not fiom school life, 
which indeed is rithei antagonistic to chai ictei It comes tioni contact with 
fathers and motheis, biotheis and sisteis, relitioiis and fiiends hchool life 
tends to iiiduie a contempt foi the lowei cli«ses and i «^lavish admii ition of 

^ The Repoit of the Commission on the Educition ind li lining ot 
Officers of the Aimy (1902) is well worth study Di Maguiie, the most ex 
perienced coach, said, as a witness — ‘ Latin, as taught to the average schoolboy, 
is pure waste of time, and does not develop intelligence or tend to breidtli 
of culture in the least or facilitate the acquisition of modern languages ’ 

‘ The prominence of ancient classics in English schools and the large proportion 
of youthful years devoted to failure in regard to them explain the stupidity 
and incapacity of their pupils as compared with the same class of persons in 
other advanced communities * ‘ They [classics] are kept in such vogue to 

suit the convenience of languid schoolmasters who can teach nothing else, and 
for no other reason whatever ’ He spoke of ‘the absurd anachronism of lazy 
and costly schools, which rendered so many of us ignorant of the veiy subjects 
which are generally useful and interesting * He said ‘ but our educational 
system all round is utter folly at best * Speaking of English Universities, 
‘the whole system is a grievous absuidity ’ ‘ “ Society ** and snobbery are the 

cuises of England * 

This address was delivered in Australia when we had been at war with 
Germany for three weeks It was written eight months before I told my 
audience that the printed proofs which were in their hands contained state 
ments meant only for good, which might be harmful in time of war, so I left 
much of it unsaid In this page I have deleted a long paragraph concerning 
young English officers 
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the upper classes, which is altogether wrong m a democracy, and can only lead 
to evil 

It always happens that the real education of the average man begins when he 
falls in love and sees the necessity for writing love letters He( nust have spent 
many years of worry at school and passed examinations in Latin and mathematics, 
perhaps in French or German, in geography, and many other subjects, all taught 
in water tight compartments, yet he is quite illiterate If he has been slightly 
higher than the average boy he is able occasionally in after life to quote one or two 
tigs from the Latin grammar and to say that he thought he lemembered some 
thing of the 'pon^ annorum , he is also fond of using the expression ‘the unknown 
quantity a;,* because it shows that he once worked at algebra A Premici of Great 
Britain who had sent out a great military expedition to Cape Breton expressed 
great delight afterwards when he suddenly discoveied that Cape Breton was an 
island Chancellors of the Exchequer have shown themselves to be quite ignoiant 
of the simplest arithmetic A very successful Cambridge coach told me that 
it IS quite common for the father of a pupil to tell him that he does not wish his 
son to get a good degree Generalisation is always dangerous, but I think I am 
safe in saying that Englishmen of the higher classes do not believe in education 
They believe in what they call chaiacter, which always to them means public 
school form, and they believe in mental mediocrity, which in most cases means 
mental inferiority This gives one extplanation of the persistence of the public 
school system The man who lemembcrs his years of dull school classroom 
routine with no intellectual lesult is not likely to be enthusi istic over the 
education of his son 

Untoitunately all secondary schools try to copy the public schools They 
also iim at teaching good form, mainly by magnifying the impoitance of football 
and ciicket To diffeientiate themselves fiom the piimiiy schools, they compel 
every boy to learn thiough Latin And all this they do at a rate which suits 
the pockets ot the lowei middle class parent It is a poor imititioii of a system 
only one pait of which is worthy of imitation 

I cm undeistxnd why Tom bawyer and his fi lends when they staitcd then 
gang ofc robbers, initiated them through passwoids ind i iitual Tint was foi 
‘side* The gxng did not consist ot pirites oi robbers, they weie innocent 
young bo>s, and then passwoids and iitiial were the essence of the romance of 
the thing Latin for the average youth seems to me to be meiely grown up Tom 
bawyerism, and is illied in obvious ways to the worship of Mumbo Jumbo It 
used to be that the use of fur on clothes was leseived for the higher classes At 
another time gentlemen only weie allowed to weai swords In China and Japan 
certain buttons and coloured di esses indicated certain rank In our own time 
there are fashions of slang which distinguish the smart set of society The 
survival of Latin and Greek is very much the same sort of thing It has no 
more to do with education than the two hind buttons of our coats oi the wigs of 
our judges have to do with convenience The classics ride us like Sindbad’s old 
man of the sea All over the British Empiie a well educated man cannot become 
a professional man of almost any kind unless he pretends to know something ot 
one or more dead languages, sudi knowledge being of no essential value to him 
It IS something like what the old Test Act imposed upon us , for 1 30 years a 
British citizen perfectly competent to fill the highest posts could not tike upon 
himself the smallest kind of public work unless he could swear to a certain 
formula Most of the numerous students of a veiy important School of Mines 
refuse to take their B Sc degiees because they are wise enough to refuse to learn 
Latin The mine owners are wise enough to engage these men if they possess 
only the college diploma, although they have no degiee There is hardly one 
mining engineer holding a University degree in the country that I speak of 
Indeed, I ipay say that only a few mining engineers in Great Britain hold a 
University degree, and this is for the same reason 

If there is any particularly useless, poor, genteel clerk you will find that his 
son must be taught Latin If there is any little township in a new country 
where everybody is ignorant, the schoolmaster must teach Latin Anv cheap 
schoolmaster, knowing nothing, worth nothing, will, you may be sure, say 
that he can teach Latin If there is a particularly illiterate bar room loafer in 
the town who never reads books or newspapers you will find that he has a stock 
in trade of perhaps three Latin phrases which keep him provided in beer 



600 


TRANSACTIONS OF SECTION L 


Do you know why Portia the Maid of Belmont remained so long unmarried ’ 
It was because her suitois assumed that the golden language of conquest is 
Greek and the sihei language was Latin If you read between the lines you 
will see that this is what Sh ikespeare meant His leaden casket signified the 
English of Belmont cum Stratfoid on Avon 

The worst of it is that the aveiage boy who his done ilmost nothing else 
than Latin ind Greek at school gets absolutely no lo\e for the classics, he ne\ei 
leads a Greek or Latin aiithoi aftei lie lea\es school He might enjoy them in 
translations, but he hates then names, and esen if he did not it would never 
enter his head to lead i ‘cnb ’ Surely this is the intuial effect of the school 
loom loutine 

Following that article in The Tune^ newspapei leftiied to ibo\e, in i 
discussion, the secret iry of the Association foi Impio\ing the Te idling of Latin 
Slid, ‘Out of the vast nnmbei ot boys who learned Litin only i few leached 
the stige when they could lead the classics with my pleasnie A still smillci 
minority continued their clissics after they had left school oi the Ilniveisitj 
The gieat majority left school wnth very little, if in\ thing, is the losiilt ot yens 
spent in the study of the clissics* The next spcikei siid tint the letoims 
suggested ‘ weie based upon the sssumption that the piesont method of clissic il 
education wis wholly hid He did not igiee * Noi do 1 igiee T think that 
if there is one subject th it the oidinary public schoolmaster can teach it is 
Latin I take the first statement as right, hovvevei I have always said so, 
loudly, to an unbelieving world tint thought me prejudiced snd heie wc see a 
lov^er of the classics in idvertently supporting me and surely every fin minded 
schoolmastei must agree with him at all events as concerning the avenge boy 
It IS not the methocl of teiching that is wrong it is meielv that Litin is i 
school subject for the avciage boy must be altogether condemned It takes from 
him all interest in every kind of liteiature, it makes him dislike reiding We 
must have some rompulsoiy subjects, and I think that any boy may be taught 
any subject - to some extent, but we ought to have as few of these compulsory 
subjects as possible, because any subject may be found very difficult by certain 
classes of intelligent minds And it is surely ludicrous when a clever mathema 
tician, well read in Natural Science and fond of English literature, is plucked 
for his degree because of his poor Latin or Greek I knew a case where the first 
classic of his year would have failed to pass his ‘Little go’ only that special 
arrangements were made to let him through his mithematics easily My own 
cirecr w^as neail> ruined because 1 failed m a French examination 

Before a student enters a University he ha to piss a Matiuulation examina 
tion, so that we may be sure that he is fit to follow any of the courses of study In 
mediaeval times the one compulsory subject was Latin, because all the literature 
known to students and teachers was in Latin, all lectures were delivered 
in Latin, all teaching was in Latin Consequently in some Oxfoid Colleges a man 
was fined if he spoke in any other tongue Then came the time when there was 
still no English literatuie, and not only was the best literature in Greek, but Greek 
was the onl> approach to nituril knowledge, so Gieek also was compulsory, and 
80 it has remained to this day — to this day when English liter iture (including 
translations) is of greater worth than any ancient or, indeed, any other modem 
literature, when all teaching, all lectures are given in English, and when our 
English knowledge of Natural Science is not only infinitely greater than anything 
possessed by the ancients , but it enables us to say that the ancients were hope 
lessly wrong, when nobody but the official University oiator or some traveller 
Ignorant of the language of a foreign country speaks Latin and then speaks 
rather the language of Stratford atte Bow than the Latin of the City of the 
Golden Shields The men of the City of the Violet Crown were not handicapped 
by being compelled to learn any othei language than their own, to waste their 
time on mere words, ‘they were engaged in pui suits of a higher nature, in 
acquiring a knowledge of thinq^ They did not, like us, spend seven or ten 
years of scholastic labour in making a general acquaintance with two dead 
languages These years were employed in the study of nature and in gaining 
the elements of philosophical knowledge from hei original economy and laws * 
The above quotation is from the Langhornes’ ‘ Life of Plutarch ’ and it is par 
ticularly valuable as expressing the views of two great classical scholars 

I would make a knowledge of Latin or of Greek compulsory only on students 
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of certain subjects, and the professor ought to impose the condition, not the 
University Again, students of ceitun other subjects ought to know one or more 
foieign linguigos, and, indeed, it seems to me th it the piotessoi in each subject 
has a light to insist on his students having ceitain special knowledge 'before 
they entei upon a study with him But to enter the Umveisity, surely the com 
pulsoiy subjects ought to be as few is possible It seems to me that the most 
important thing is to make sun that eveiy student his hid an eaily education 
thioiigh his own language — English, that he should be ible to wiite an account 
in English of anything he has seen, should }n\e some acquaintance with what 
lie called English subjects, such as geogiaphy and histoiy, and the piinciples 
of nituial science, and the power to make simjile computations All the teach 
mg is to be m English, all his companions speik English, theie irt good h nglish 
books on ill subjects, there aic English transl itions of all the good books tint 
have been wiitttn in foieign languages So ibomin ible do T think compuUonf 
Litin 01 Gieek or hiench oi Geinnn tint I believe a |)iinniv school to be a much 
hettci school thin inv othei foi i boy it he is fitting himself foi my profession 
in which aipplied science is impoitint At piesent English is not t night pio 
peily in iny British school Ihe teacheis iie all clissical men, who are veiy 
cut fill when they wiite Gieek oi Litin ind exceedingly caieless ind slipshod 
when they wiite English We might eisily wiite i faiiy stoi\ about thiee sisteis 
- Gittk, Litin ind English — md till it * C*indeTelli ’ Tin linguigc of tht 
grt itest empiie known in histoiy the empire of the English spe iking peojiles 
is not tiught seriously in any jiiit of tint gieit tnipiie It is shocking to get 
tiom i gieat clissical sc hoi u i lettei with missjielt woids on eveiv pige e\eiv 
sentence being ungramm itical When will our good mock in wiiteis tell us how 
English composition may be taught to oidinarv folk’ 

r want you to undeistsnd thit we hi\e estiblished some fundimentil piin 
ciples in oui science (1) A subject must interest a pupil (2) A man who trains 
dogs or seals ot bears or other animils makes a close study of then minds Tn 
the same way we must recognise that one boy differs from another and study 
the mind of each boy (3) If a boy is not very receptive of an important subject 
we must do our best with him and tiy to settle what is the minimum with which 
wo ought to be sitisfied Only a few subjects ought to be compulsoiy on all 
boys (4) There ire two classes of boys unequal is to numbeis, {n] those fond 
of, and (h) those not capable ot, abstiact leasoning (5) Another two classes are 
(a) those tond of, and (h) those not fond of language studv (6) E\ei> bo> miv 
be made to^^write and icid in his own language and he may be made fond of 
reading (7) The average boy’s reasoning faculties are most suiely developed 
by letting him do things Thit is, foi example, through his sports oi through 
wood or metal woiking, oi gaidening, or experiments involving weighing and 
measuiing Thioiigh the last of these he learns to compute A hov of eight 
leirns decimals in an houi if he weighs and measures, where is by the usual 
method of teaching he is ignorani of decimals at the age of fouiteen A bov 
learns whist veiy quickly if you seat him with three other people at a tible with 
a pack of raids, he would not learn in a month if he had no cuds Would von 
teach i boy to swim by mere talk’ (8) E\ei\ bo\ must gLt i good deal of 
peisonal attention (9) However good a system may be there can be no good 
results if the teachers are cheap, cheap teacheis aie usually stupid and over 
w^orked Men in charge of schools and colleges never seem to leain this The 
market price must be paid foi i capable man (10) E inly good results may be 
expected fiom a good teichei even when he is compelled to vvoik on a bad 
system, but really good results cm be obtainable only fiom a good teicher with 
a good system 

I need not go into details about all these piinciples but T should like to 
dwell presently upon a few of tJiem At the beginning of this Addiess I spoke 
of the obstruction to great necessary reform — too much antiquated machinery to 
‘ scrap ’ Most schoolmasteis will admit the necessity for leform in the case ot 
the average boy, but they say that parents are o-pposed to the reform Unbelief 
in education for the average man is so general among the higher classes that I 
am afraid we shall have no reform unless some great national disaster causes 
con vei Sion There is a lesson for England, and, indeed, for all European races, 
in the lecent history of Japan The old structure of Japan was in many ways 
beautiful, but it proved to be without physical strength Its extreme weakness 



602 


TRANSACTIONS OP SECTION L 


proved its salvation Even the teachers of ancient classics saw that for strength 
it was necessary to let scientific method permeate the thought of the whole 
population And now, at the end of the first chapter of Japan’s modern history, 
we find a nation which can not only defend itself, but which retains all of its 
spiritual life which was beautiful Every unit of the population can not only 
read and write, but it is fond of reading, and its education did not cease when 
it left school It is getting an increased love for Natural Science, so that it can 
reason clearly , it is not earned away by charlatans , it retains its individuality 
One result of this is that in time of war Japan has scientific armies Not only 
are its admirals and generals scientific, but also eveiy officer, every private is 
scientific Everything in the whole countiy is being developed scientifically, 
and we Europeans, hag ridden by pedantry in our schools and imiveisities, refuse 
to learn an easy lesson At present we do not even ask what is meant by educa 
tion or what education is necessary if a particular boy is to be fitted for his life s 
work In 1902, when I was President of Section G, and in opening a discussion 
on the teaching of mechanics at Johannesburg in 1906, I give my views as to the 
teaching of a young engineer, but they apply also to the teaching of nearly all 
boys , These views have been commended by experienced engineers and teachers 
To understand me it is first necessary to try to cast away piejudfces, and this is 
especially difficult if one has a pecuniary interest in education The student of 
almost any other science than education cares for nothing but the truth, even 
when he has committed himself to a theory and his good name or credit is at 
stake the rule of the game is perfectly well known and must be idheied to The 
student must not neglect fact or peiveit fact, he must be quite fair The 
student of physical science sees at once whethei oi not he is pliying the gamt , 
because the co ordinates aie few, theie are no complexities, such is \\c find in 
our own life problems Tnis also is why the study of physic il science is so good 
in causing boys to reason, toi leasoning cm only be tiught by constint pi ictue 
on simple matteis which one thoroughly compiehends Coiisidoi a boy’s views 
about ordinary affiiia He is downright A complex thing must be gieatl> 
simplified to him His painting is in black and white , tbeie is no delicate 
shading in his picture He never sits on the fence, he is nevei i trimmer An 
historical chai icter is awfully good or awfully bad, very clevei or very stupid 
A l)oy IS, in f ict, cocksure about eveiy thing He is incapable of reasoning about 
complex things And when we try to teach him to leason about simple things 
we must be quite sure that they really are simple to him, that he undei stands 
them For example, many educationists say that the study of geometry is just 
right for a boy Well, yes, for five per cent of all boys, boys who can tike in 
abstract ideas They take to Euclid as a duck takes to water But foi the othei 
ninety five per cent geometry is very hurtful, because unless they continually 
experiment with rulers and compasses they do not understind whit the reison 
ing is about In ancient times only very old and exception illy clevei men were 
allowed to study geometry We now assume that it ought to be in easy study 
for the average English boy Generation after generation we stupefy the average 
English boy with demonstrative geometry, and we call him i duffei so often that 
he thinks himself a duffer, and even his mother thinks him a duffer, and, indeed, 
we have done our best with geometry and Latin to make him a duffer Only 
for his football and cricket, which teach him to reason a little, he would become 
a duffer And yet in my opinion if this average boy were properly taught in 
school he would prove to be very superior to the boy who is usually called clever 
The schoolmaster calls a boy clever because he is exactly like what the school 
master himself was when a boy, but I am afraid that I place little value on the 
schoolmaster’s cleverness, whether as a boy or a man Reasoning can be taught 
through almost anything that a boy does, but more than all things through his 
experiments in Natural Science Formal lessons on reasoning, on logic, are 
utterly useless, and I may say that set lessons on almost any subject are utterly 
useless for the average boy 

Milton’s poems are greatly praised Well, I am not going to say a woid 
against the people who talk in public about the most wonderful epic 
m our language and who never read it, but how many people have read 
Milton’s magnificent prose works ^ Milton first taught me the true notion oi 
education, that the greatest mistake is in teaching subjects in watertight com 
partments It is the idea underlying one of the most instructive books ever 
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written, ‘ Sandford and Meiton * When teaching a subject, teach all sorts of 
other subjects as well If Mr Barlow’s boys were interested in astronomy he 
showed them stars and planets thiough a telescoifie for a night or two, but he 
gave them no stupefying couise on astronomy He gave them stars and the solar 
system just as long as they were interested He used a globe as well as mere 
maps in teaching them geography and history, but the soul destroying idea of a 
course of study on ‘ the use of the globes ’ did not commend itself to him 
They walked over the fields and took an interest in tiees and flowers, but he 
gave them no stupefying course on botany When ho gave them a lesson on 
English grammar or literature he taught them at the same time the geography 
and history and the fairy stones of their country How can a man give a 
course on grammar or geography or history or anything else without diverting 
his talk in an interesting way to other subjects’ What is so tremendously 
impoitant about Natural Science laboratory work is that a student must be 
thinking all the time about the same matters, not from one Lut from ten interest 
ing points of view He is not mciely observing, he is measuring, he is comput 
ing, he IS reasoning he has to write out descriptions of what he sees and does, 
and he thinks then of his spelling and grammir, he has to sketch, he has to 
read books about what other people have done before him on the same subject, 
uid also for statistics He learns the value of a bit of work done in a clean 
honest way, and when he gets some moie experience he glows with the feeling 
that he his really added to the knowledge of the woild He is a disco\eiei 
nid he feels the emotion of Coitez ' It is marvellous the alteiation whuh 
his occurred in tlje rnentil ittitiide ot the common iveiage bo\ Instc id of 
feeling that he is i degraded slive he feels the emotion of Ins childhood 
returning to him He once mide the gieat discoveiy at the age of six tint the 
back garden w is inhabited by furies and lions ind Indiuis ind pirates He 
ivis the Caliph Haiouii Alriscliid for a while And now, iftei i wictchecl 
life it Litin and Euclid a new level itioii is vouchsafed to him, iiid as he githcis 
years he finds thit Natuie is plicidly willing to let him steal hei secrets little by 
little, one by one, see lets tint are gi idinlly clnnging men fiom the bevnlderment 
ind spirit possession of the Middle Ages, so tint at length he enters into com 
pletc communion with N ituio ind lollicks with her, and qiiaiiels with hei, and 
loves hei moie ind moie until he dies And his leasoiiing power has been glow 
ing all the tunc, so tint moie ind moie he undeistands complex things, foi 
ittei ill expoiimental study of stoiy books, he piobibly enteieci the kingdom of 
Shikespeiio it the age ot fouitecn Things iec[iiiriiig memory can be Icaiiit only 
in eiily life — weights and meisiucs the multiplication table, languages He 
knows games involving spelling But, over anci above all these, ho has fiom 
infancy repeitod ill suits of poetry long before he could enjoy much muie ot it 
thin the pngle of its ihyme 

Ldiicatmn consists in the development of a man from his earliest day, ind 
does not cease till he dies Any thoughtful man must see that theie is no science 
so import lilt as that of education the preparation of children of this generation 
to be the citizens, the lulers of the country, in the next generation The whole 
future of our Empire depends upon the education of the children By the study 
of this science we hope to improve teaching so as to make futuie citizens not only 
to have more knowledge and more skill, but to mike them wiser thin the people 
of the present or the past 

Early training detei mines what later training ought to be Let Us consider 
what the eaily training of a boy ought to be In his very early days Nature has 
provided that his education shall pioceed veiy rapidly by observation and experi 
inent, and the only teaching needed is through careful nursing and affection He 
teaches himself, and he loves to leirii He ought to get toys not too realistic, 
for he loves to weave romance round his toys, but still things to observe 
and experiment with He has most complex problems in physical science when 
he IS only a few weeks old, the solution of which involves much labour, but it is 
pleasant labour and he is happy And he will remain sweet tempered and happy 
and unspoilt if there is real affection from his teachers If, however, somebody 
teases him by playing practical jokes, or if a selfish mother who was unreasonably 
kind to him yesterday is unreisonably unkind to him to day, he gets, because of 
his reasoning power, a sense of injustice Man, woman, or child with a sense of 
injustice may be said to be possessed of a devil During the first six years of a 
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child’s life the creation of its power to reason is more wonderful than anything 
else, and this reasoning power comes altogether by observation and experiment 
An affectionate parent easily finds methods of helping Nature in this process 
The unspoilt boy of six years seems to forget nothing that he hears, he has 
gathered a most wonderful vocabulary, he knows endless nursery rhymes and 
simple poetry , he is as active and adventurous as a kitten, and everything he does 
IS cultivating his senses This is the time when be fills the smallest playground 
(which to grown ups seems bare and desolate) with giants and fairies and Indians 
and pirates, with forests and mountains and rivers and oceans His imagination 
IS so extraordinaiy that the most uncouth cieation of his own gives him exquisite 
pleasure Why do I dwell upon this stage of a boy’s development’ Because it 
has been so perfect ’ Nature has learnt to do this to children during perhaps 
hundreds of thousands of years, and it has been the most important time of a 
boy’s life, the time when, if parents will only give the boy their love and greatly 
let him alone otherwise, he develops mentally more than during all the rest 
of his life Speaking broadly, he has done nothing in all this time except 
what Ndtuie and affection made pleasant to him T have studied the science of 
education and practised the art of teaching all my life, and I say that all our 
failures are due to our neglect of Nature’s methods, and our schools destroy the 
good effects which Nature has produced 

As a rule I do not like to be told that certain subjects must be compulsory, 
but surely every child of eleven must have some such qualifications as these 
(1) The power to speak and read and write in his own language (2) To be able to 
do easy computation ( 1) To have an exact knowledge of the simplest piinciples of 
Natural Science fiom his own obseivation and expeiiment I think that every ob 
server must acknowledge that these powers are possible toi almost every boy of 
eleven Some of us have for many years been endeavouiing to show how the child 
of six may icquire these poweis by the age of eleven if Nature’s methods — that 
is. Kindergarten methods — are followed For example, he plays at keeping shop, 
selling or buying things by weight and measure, and paying or receiving actual 
money and giving change He weighs ind measures with greiter and greater 
accuracy as he makes experiments in mechanics and heat and chemistiy Every 
boy IS fond of stories, and if treated reasonably is easily induced to learn to read 
Reading aloud is easily made a pleasure and a habit, and so the boy learns to 
speak properly Anv boy whatevei will become fond of reading if the people 
about him are fond of reading I state this as a tict which I have investigated 
A boy who is fond of reading gets later on to know the value of books and the 
use of books, and he will go on educating 1 imself till he dies Any attempt at 
coercion, unless it is the very gentle coercion of a person whom he loves, is fatal , 
even coaxing is not ilways good He assimilates knowledge from everything 
which he does, ind therefore he ought to be induced to do things which not only 
keep him healthy, but which give him knowledge tnd teach him to leason Do 
you remember how angry Lanfranc of Bee was at the idei tint any pupil could 
be forced to leiin, he said ‘ it turned men into beasts ’ I speak to >ou who love 
children, who love >oung people, who know that there is hirdly one child in a 
hundred, even among rather spoilt childien, who does not love to do his duty 
Under the best and most loving of teachers a lonely child has enormous dis 
advantages, but these can generally be remedied The usual mistake is to send it 
to a large school If it is merely a day school there is no great harm But no 
child under thirteen ought to be sent to a boarding school unless it is a small 
school and the master and his wife have a love and sympathy for other people’s 
children There are such people in the world, God bless them ^ but they are not 
numerous They are so few that we must return to Nature as the best of 
teachers The time is coming when a (hild’s own fither ind mother will hive 
much more knowledge and wisdom than they hive now, and they will refuse to 
give up to others the doing of their highest duties It is at present not suflSiciently 
recognised that the most important duty of the parents is the education of their 
children At present, men who are building up fortunes are too busy to think of 
their children, and so we find that the sons of Lord Chancellors and other success 
ful men have been marrying chorus girls and squandering those very fortunes to 
which their education was sacrificed Of course, if parents ire uneducated, and 
therefore selfish oi otherw ise foolish, any kind of school may be better than home 
for their doomed children It is one of the great advantages of poverty that the 
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children go to day schools and they keep in touch with home life If the day 
school IS really a boarding school as well, it will be found that there is always a 
differentiation in favour of the boarder, which has a veiy bad caste effect, just as 
the ‘ modern side ’ boy of any public school suffers in charactei because he is of a 
lower caste than the classical side boy It is usual to remove a stupid classical 
side boy to the modern side, and every boy on the modern side has a sense of 
injustice The work of the modern side ought to be much the higher, but it is 
always badly done because the atmosphere is altogether bad 

It may be said that I am only destructive in my criticism of public schools I 
think it will be found that 1 am also constructive, although I acknowledge that 
my sketch needs much filling m Well, can much more be done in an address 
lasting one hour’ I will now try my hand at a little filling in I have no objec 
tion to the existence of classical schools something like the piesent for boys who 
are fond of classics The average bov will not be asked to attend such a school 
I feel sure that much greater attention ought to be paid to the teaching of 
English composition, to English poetry and prose, and to English subjects 
generally I also feel sure that much attention ought to be paid to Natural 
Science And surely it can do no good for the classical masters to go on sneering 
at Natural Science subjects and calling them ‘stinks’ as they do now 

I want, however, to speak more particularly of a much higher kind of school 
which will educate the boy usually called cle\er and also the boy usually called 
stupid As I have already remarked, I think that these names may sometimes be 
redistributed 

The school is one for boys from eleven to sixteen years of ago Tt ought m no 
way to be connected with anv classical school English subjects will piedominate, 
but teaching m Latin and Gieek and modern linguages and other alternatne 
subjects will be provided, although they will not be forced upon any boy The 
masters who teach English ought to know enough Latin ind Gieek and ( eltic and 
Old English and modern linguiges to be able to illustrate the deiivitioii of 
English words thiough their roots And they must be well read in English sub 
jects and fond of English literature They will mike the boys fond of reading 
English, and eiRoui ige them to find out whit they like btst Some boys will 
take to history and philosophy, some to poetiv and imoginative liteiatiire Every 
boy ought to git the best chaiue of developing his fatuities It may be asked — 
if we cannot make the average bov spend or waste twelve hours a week on Latin, 
what are we to do with him ' At ill events, now, we keep him doing something, 
even if it is only inaiking time Mv inswci is '^ou think only of Ins putting in 
time , well, then let him put in his time it woik that inteiests him , any work of 
that kind must be educative under an intelligent master who can help him in his 
studies if it induces him to look up mfoim ition for himself Thus, when reading 
travels or histoiy, he will use the globe and raised mips and re id geogi iphy, 
and hunt up plans of battlefields Ihink of the things that i boy used to be 
punished foi doing, and let him do those things under wise diiection I used to 
he punished foi reiding Siott and Coopei Nowadays piizes are gi\en to boys 
foi then knowledge of lianhoe oi Quentin Dm ward Expand this into a system 
A boy who loves to browse o\ei Clumbers s English Liteiatiire ought to be guided 
in his browsing, and induced to take up something more than selections, and he 
may easily be induced to get off selections by heart if his teacher does not show 
his contempt by speaking of such exercises as Bep [lepetition] 

Let the teacher take a. leaf out of our methods of teaching chemistry and 
physics It has been shown that twenty five boys doing work in the laboratory dur 
ing a lesson of an hour and a half or two hours can be managed by one teacher 
Experimental lectures in a lecture room have now been greatly discarded , such 
lessons as I speak of take place in the laboratory, but reliance is placed par 
ticulaily upon the personal attention of the teicher being given to eaih gioup of 
students in charge of an investigation, the group not being usually gr^^itei than 
four in number, ind often being less than two These students are some 
times merely verifying or testing a statement made bv the teacher or found in a 
book, but they are often finding out things for themselves One idea underlying 
the work is that there ought to be moie and more illustrations of simple funda 
mental principles It is long before these simple things really become part of a 
boy’s mental machinery, things like the mere definition of force y for example 
It IS, of course, quite different work foi the teacher from anything that he used 
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to have to do , for one thing, being much more exhausting He cannot shirk his 
duties and sit down waiting for students to come to him When teaching 
degenerates into mere mamtenance of discipline, everything being regarded as 
right if the pupils are quiet and seem to be diligent, it is necessary to make a 
radical change, usually a dismissal of the teacher It used to be that a science 
master gave an experimental lecture, and afterwards he had a very easy time, 
letting the students follow a set routine in the laboratory, but this will no longer 
do , such attendance at lectures and laboratory work means poor mental training 

Now, I would work out a system for English, English composition, English 
poetry and prose, geography, history, and other English subjects, on the lines that 
we have found so successful in Natural Science An enormous change has been 
effected during the last fifteen years in the teaching of mathematics The older 
methods alwavs failed with the average boy or man The new system, which is 
sometimes called Practical Mathematics, is based on the idea that students shall 
work experimentally, just as they do in their Natural Science It is found that 
their eyes and faces are bright, they work hard, and they evidently enjoy their 
work We have merely introduced common sense into the teaching, we have 
approached the student’s mind from other points of view than the old academic 
one, from the only side on which he has ever been taught iny thing — ^the side of 
observation and trial He weighs and measures He does experimental 
geometry and mensuration, and is assisted by abstract reasoning just to the 
extent which interests him , he makes plans of the school buildings and maps 
of the district, algebia becomes interesting when in coordination with expeii 
ments in mechanics and physics, trigonometry becomes interesting in the actual 
measurements of heights and distances The infinitesimal calculus is bound to 
be a weapon which any boy of fifteen easily gets to undei stand by actual use 
when he is dealing with dynamic experiments In fact, the physical and 
mathematical laboratories are in one, and the same teacher t ikes charge of both 
subjects and teaches them as much as possible together 

Furthermore, in the preparation of an account of an investigation there are 
practical lessons in English composition, theie is sketching, and also more careful 
drawing with instruments, and the finding of empirical laws, using squared paper 
In such a school every subject is being taught through all the other subjects , 
every boy is doing the work in which he is greatly interested, and no boy is 
attending merely and putting in time Furthermore, out of school time there 
might be the usual restrictions as to * bounds,’ but otherwise I would let a boy do 
pretty much as he pleased ‘ Prep ’ at boarding schools and home lessons for boys 
at day schools are to be quite discredited I would — it may cost a little more 
money — allow a boy to work in the workshops or laboratories or library or in his 
own room or common rooms at anything he pleases in this off time, and I would 
give him advice only if he asks for it If I saw a boy reading a penny dreadful 
I would not stop him , nor if he were reading Paine^s ‘ Age of Reason,’ or any 
wretched treatise on psychology or logic I would in no way discourage a boy 
from acquiring a greater and greater fondness for reading, knowing that this is 
the foundation of future happiness and education, and that no harm which he 
can get from his reading is of the slightest importance m comparison with the 
importance of our mam object As he grows up he will become less and less 
fond of the sixpenny magazine The school can at its best be merely a prepara 
tion for the lifelong education of the man I would not keep the boy at school 
after sixteen Let him then go into business, or to a science or technical school, 
or to the University 

Unfortunately for the present no University will take men without an 
entrance examination involving other languages than English This is a great 
evil, but it IS not going to last much longer In the meantime a competent coach 
will prepare any student to pass the necessary examinations (say, in Latin and 
Greek) in three months, even if there is much other work to do This is not a 
matter of learning any classics, it is rather the manufacture of some contempt 
for the classics, a necessary evil for the present Indeed, for the present but 
let us hope not for long, there are many other necessary evils We have to find 
competent enthusiastic teachers, we have to persuade governing bodies to pay 
salaries two or more times as great as at present, we have to make parents see 
that some mental training and fondness for reading and writing are really of 
value, and that Tom Sawyerism about Latin is only childish 
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The importance of primary education is now well recognised Rich and 
aristocratic folk know that they are now in the hands of the common people in 
a democratic country, and it is important to see that the common people shall 
be made fit to rule and shall have a real sense of fairness and reasonableness 
Above all, if they are to be good citizens we must cultivate their common sense 
I think that in the schemes and the administiation of primary education by 
the Boards of England and iScotland it is in a good tvay , but there is one great 
curse upon it, and the enormous sums of money spent upon it are greatly wasted 
The local authorities give to every teacher far too much to do, and they give him 
only half his proper wages In a few years the Government of our democratic 
country will bo in the hands of the boys now at school That they should be good 
citizens full of common sense is more impoitant than any other thing If they 
are without fondness for books^ and if they cannot reason, their votes will be at 
the command of friudulent or foolish, or perhaps only selfish or self deceiving 
speakers Our empire was ruled by George the Third, and by God’s grace we 
only lost Amend and piled up the National Debt, but think of an empire 
ruled by millions of Georges ’ Teaching the young requires great wisdom and 
sympathy, and we entrust it to people paid half wages, the ‘otherwise unem 
ployed ’ In the secondary schools also we find this penny wise pound foolish 
policy, and it is paiticularly evil in the great technical schools A city is proud 
of its magnificent college of science, first because of its architecture, secondly 
because ot its equipment in apparatus, perhaps in steam and gas engines and 
other expensive machinery And the man in charge of the most important 
depaitment of that college receives perhaps 250^ a year He ought to get it 
leajst 600/ lhat is the market puce of a fit man, and without a fit man the 
whole money and the time of students are being wasted, the ^hmg is leally a 
fraud, a whited sepulchre, and of course the Principal is always a classical 
non scientific man Photographs of the building and its laboratories are 
very fine to look it in guide books of the city, and the managers of the college 
get public thinks for then sei vices I know neaily all the technical and science 
colleges of Great Biitain, and I hardly ever see any of their complacent managers, 
members of their governing bodies without wishing that I had some of the 
powers of the familiars of the old Spanish Inquisition What right have they 
to iindeitake duties which lequiie a knowledge of Nituial Science^ 

The latest proposal of our callous copieis of the Germans is to make 
attendance at evening classes compulsoiy up to the age of seventeen At present 
working boys attend evening classes voluntaiily, although in many cases they 
are too tired to leain much Yet many of them do learn These boys arc 
ilroost martyis Ihey saciifice so many ot their poor pleasuies, and indeed 
duties, that they certainly deserve success in life But it is not fair to impose 
these sacrifices upon boys who aio, as ipprentices, learning the piinciples under 
lying their tiade, and who are paid only small wages on the undei standing that 
their masteis teach these principles In 18«9 I intioduced a Bill into the 
Kensington Parliament compelling employers to provide such instruction duiing 
the working houis Reforms of all kinds proceed with exasperating slowness, 
but alieady miny employers are carrying out this idea 

In some things we reformers have made way It is now lecognised almost 
everywheie thit examinations ought to be conducted mainly by the teachers of a 
student I have often put the matter in this way Huxley used to teach about 
forty students in biology, we cannot imagine better teaching But if those 
students had only wanted to pass the examination of London Univeisity it is 
quite certain thit they would have done veiy much bettei by attending the 
class of a cheap crammer A Univeisity consisting of two, three, or more 
fedeiated colleges is very little bettei than i meie outside examining body, and 
this IS what London University has always been I am glad that a change 
towards something better is now about to take place A number of separate 
Universities would be better, but in two years or less, probably, the colleges of 
London will conduct then own intermediate and degree examinations One 
result will be that when a man gets his degree he will not shut up his books 
for ever 

I would, however, point out that old London University, which was a mere 
examining body, sened an exceedingly important purpose This statement may 
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seem curious coming from a person who has always railed at London University 
as a mere examining board I still say that it was never a University at all in 
the past But a man reading hard by himself, perhaps far away from a college, 
could have a severe test applied to his acquirements which encouraged him m 
his studies when he had no other encouragement, and t-he test was very rightly 
a severe test To do away with its outside examinations altogether, as I believe 
is the intention of the authoiities, will be exceeidmgly harmful It would be 
impel tinent in me to make a suggestion as to the distinction which might be 
made between a degree conferred by his own professors upon a man who has 
attended regulaily a college ot lepiite, ind a degree conferred by a nieie examin 
ing body upon an outside student I? or the first, the examination test may be 
easy The Oxford and Cambridge pass degree examinations are quite easy, and 
rightly so, foi the leal qu ilification is that an undergr iduite shill have lived foi 
three years in the intellectual and cultured life of an Oxford or Cambridge col 
lege In the other case the mere examination is the only test, and it is rightly very 
severe The two kinds of degree differ altogether in quality In a new country 
ot great distances I can imagine many good secondary schools to be established 
hawing neither sufficient funds noi sufficient pupils to be qualified as Univeisities 
Vet it may be of enormous importance that i few of the older pupils at such 
schools should as external students be examined for degrees by distai t Universi 
ties, which, in such a c ise, aic meiely outside examining bodies I can see the 
gradual inciease in importance of such secondary schools leading to the estib 
lishment of something highei — namely, colleges of University rank — and I can 
see such affiliated colleges becoming Universities themselves perhaps after i period 
in which two or more of them federated themselves as Liniversities But I say 
that there ougbtf alwiys to be some examination machinery by which i student 
who IS too poor or who through any other circumstance is unable to attend a 
University college may be encour iged to study by himself, by having his 
attainments tested 

In this Address I have said nothing about the education of women I have 
ilwiys advocated higher education foi girls, but it is suiely wicked to teach 
gills as if they were boys Men ire coiicentiative ind they speciihse, 
women observe more and more ibout many things, and they re illy have more 
capacity foi acquiring mental power Until quite recently girls were saved 
from stupidity, but the high schools aie now giving a ci immed knowledge of 
f lets and of the opinioiib ot the tribe, so tint girls iiid women are ccising to 
think for themselves The education of men is m i bid way, but that of women 
IS becoming much worse 

I think that m this Address f hive put foiwiid no idea tint T have not 
ilready published time after time in the last thirty five yens I jiut these views 
forward again because, after much thought ind much experience, f still think 
them to be correct, and I feel sure tint they must prevail But 1 must confess 
thit it IS only i vciy hopeful man who can peg iw ly at i thuikless tisk as 
Dr Armstrong and I have been doing so long 


Mllbournl 
FJUDn, iUaiST 14 

Professor H E Armstrong, F R S , ^ i<e Pi ntj delivered the following 
Address — 

The Place of Wisdom {Science) in the Stale and in Education 

‘ So soon as men get to discuss the importance of a thing, they do infallibly 
set about irranging it, f icilitating it, forwarding it and rest not till in some 
approximate degree they have accomplished it ’ — ^Carlyle 

This, doubtless, is a true statement, the difficulty is, however, to peisuade men 
of the importance of a thing We come to persuade you As an Association 
we are now eighty four years old our mam purpose has been to obtain a 
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nioie general ittention to the objects of Science and a removal of any disadvan 
tages of a public kind which impede its progress — let me also add, its application 
to culture and to the public service 

By holding meetings, year after year, in the principal towns ot the British 
Isles, the Association has at least brought under notice the fact that Science ’s a 
icility, in so far as this can be testified to by se\cial hundreds of its votaries 
meeting together each year to consider seriously and discuss the progress of the 
various departments On the whole, dilettanti have had little share in our 
debates The Association has already carried the flag of Knowledge outside our 
islands, thiice to C inada and once to South Afiica, now, it last, we make this 
great pilgrimage to youi Australian shores still we are at home What message 
do we bring with us ' 

In 1847, when this city was but in iiisignific iiit town, it wi^ visited by an 
Englishman who subsequently became eminent not only in Science but also is i 
liteiar> man — Thom is Henry Huxlev , he was then surgeon on board the survey 
mg ship ‘Rattlesnake’ In 1848 Huxley visited Sydney and there met the 
gracious lady, only recently deceiscd, who became his wife In after ycais he 
ichieved a great reputation on account of his services to educition 

Lecturing in London in 1854, he defined Scieme as trained and oigaiiised 
lommon sense a definition olten quoted since, none could be more ipposite, 
though it must be lemcmbcicd tint common sense,’ ifter ill, is but an 
uncommon sense 

A few years liter, in i public lectuic it South Keiioington, Huxley spoke to 
the following effect — 

‘The whole of modem thought is steeped in Science, it has made its way 
into the works of oui best poets and even the mcie man ot letters, who affects 
to Ignore and despise Science, is unconsciously impiegnated with her spirit and 
indebted for his best products to her methods I believe that the greatest intel 
lectual revolution mankind has yet seen is now slowly taking place by her 
agency She is teaching the world that the ultimate court of appeal is observa 
tion and experiment and not authority, she is teaching it the value of evidence, 
she IS cieiting a film and living faith in the existence of immutable moral ancl 
physical laws perfect obedience to which is the highest possible aim of an 
intelligent being 

‘But of all this your old stereotyped system of educition takes no note 
Physical Science, its methods, its problems and its difficulties, will me^t the 
poorest boy at every turn and yet we educate him in such a manner that he 
shill enter the world as ignorant of the existence of the methods ind facts of 
Science as the day he was born The modern world is full of artillery, and we 
turn our children out to do battle in it equipped with the shield ind sword of 
an ancient gladiator 

* Poster it 1 / will cry shame on us if we do not rnnedi/ this deplorahU state 
of things Nay, if we hit twenty yiars longer , our own constienteb will cry 
shame on us * 

These words were uttered in 1861 Now, after more than fifty years, not 
twenty merely, we still go naked and unashamed of our ignorance seemingly, 
there is no conscience within us to cry shame on us I have no hesitation m 
Mying that, at home, at all events, whatever >our state heie may be, we have 
done but little through education to remedy tlie condition of pubhc ignoiance 
which Huxley deplored In point of fact, he altogether under rited the power 
of the forces of ignorance and indifference, he failed to foresee that these were 
likely to grow rather than to fall into abeyance In England, what I will 
venture to term the Oxfoid spirit still reigns supi erne— the spirit of the literary 
class— the medi'eval spirit of obscurantism, which favours a backward rather 
than a forward outlook 

Wherein was Huxley out in his forecast^ In 1861 the claim of Science was 
already strong but think what has been done since that time — what we can 
now assert of its conquests’ In the interval, even within my recoUection, the 
whole of our ironclad fleet has been created, rifled cannon, smokeless powder 
and dynamite have been introduced, and this last, in combination with the 
discovery of the causes of yellow fever and malaria, has made the Pinama 

1914 R R 
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Canal pohbible, an entirely revolutionary work of man’s mterfeiing hands The 
' Great Eastern/ which could not be launched at first on account of her size — 
as a lad, I saw her sticking in the stocks — was a failuie, because she was outside 
the fashion of her time, yet she has given rise to a host of ocean leviathans 
of far larger size , the steam turbine has entered into rivalry with the recipro 
eating steam engine, cold storage has levolutiomsed ocean transport^ so that 
fresh food can be carried from this continent to remote England and Europe 
Electricity, then a puling infant, is grown to giant size , not only have we deep 
sea telegraphy and mechanical speech in the form of the phonogiaph and tele 
phone, but wiieless communitation, the clectiic light, electric tiansmission ot 
power, electiic traction — even the waterfalls of the world are tamed thiough the 
tuibino and made subservient to our will for motive purposes or in the pro 
duction of temperatuies boideiing on those of solai heat, by means of which too 
we can draw food for plants, at will, fiom oui atmosphere by comibining its 
constituents into the form of a fertiliser The use of oil fuel in the internal 
combustion engine has been made possible and, in i lew shoit yens, the sticets 
of ♦London have been cleared of hoise conveyances and crowded with motor 
\ehicles, such engines aie coming into use eveiy where and enable us successfully 
to perform the feat which Dasdalus vainly attempted — we e\en talk of flying 
from New York to London, across the vast Atlantic, to spend the week end 
The cyanide process has been introduced into gold mining and is enabling us to 
unearth a fabulous wealth, a vast array of goigeous colours has been produced 
and Dame Nature so outwitted that we make mdigo and madder out of the tar 
which m old days was put only upon fences, Pasteui’s woik has made Listerism 
possible, so that nothing is now beyond the surgeon’s art and bacteriology is 
become the handmaid of preventive medicine and sanitary science, not only 
paper but an artificial silk is made from wood pulp and the finest of scents 
are conjured out from all but waste materials A multitude of other discoveries 
of practical value might be leferred to 

But theie is a reveise side to the jncture At this \ery moment we realise 
with horroi that whilst we have destiuctive forces at our disposal, unknown 
to pre scientific geneiations, of a most terrible kind, our human nature is in 
no proportionate way subject to modification — ^noi is it likely that it ever will 
be — so that the desiie to destioy glows less as the means grow greatei It will 
be my argument, indeed, throughout this Address, that bcience is something 
apart — a cult which can mfluenoe but the few 

Not so long ago, when scientific reseaich was spoken of, the cry was always 
Cut hono^ What’s the good of it alP Now, no one has the patience to listen 
to a recital of the benefits accruing to mankind fiom its operation, for all the 
achievements I have leferrcd to aie, not the worh of mere inventors but primaiily 
the outcome of scientific discovery thus our modern command of electricity is 
very largely tiaceable to the labouis o-f the great philosopher Faiaday, who 
woiked m an ill lighted and cramped laboiatoiy in the Royal Institution in 
Albemaile Street, London, with no other object than that of contiibuting to the 
advancement of knowledge 

Perhaps the gieatest of all the scientific achievements of our time remains to 
be mentioned — the promulgation of the doctrine of Evolution by Charles Darwin 
Few perhaps can realise what this means foi mankind, the intellectual advance 
it constitutes — ^that through it we have at last acquired full intellectual fieedom 
and the belief that it rests with ourselves alone rightly to order our lives , that 
by it all dogmas have been undermined 

No one has stated this better than Oliver Wendell Holmes, in saying ‘ It, 
for the Fall of Man, bcience comes to substitute the Rise of Man, if means the 
utter disintegration of all the spiritual pessimisms which have been like a spasm 
in the heart and a cramp in the intellect of men for so many centuries ’ 

Let me say that Huxley did much to give credence to this same doctrine of 
Evolution on which account Australia may well feel proud that he visited her 
shores and of the use that he made of his opportunity , our visit is but the 
logical sequence of his and we are but come to emphasise his message 

* During the last three hundred years reason has been slowly but steadily 
destroying Christian mythology and exposing the pretensions ox supernatural 
revelation ’ 
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So writes Professor Bury, the Professor of Modern History in the University 
of Cambridge, in his recently published ‘ History of Freedom of Thought,* one 
of the most charming historical essays ever put together Again, he remarks — 

* If the history of civilisation has any lesson to teach, it is this There is 
one supreme condition of mental and moral progress which it is completely 
within the power of man himself to secure and that is perfect liberty of 
thought and discussion The establishment of this liberty may he considered 
the most valuable achievement of modern civilisation and as a condition of 
social progress it should be deemed fundamental * 

Science is come into being and has prospered only since freedom of thought 
was secured on no other terms can it be It is well that we should bear this 
in nimd The growth of numbers and of democracy may well involve a re 
striction of freedom m all directions — ^none are so intolerant as the ignorant 

If in Science, to day, we have something unknown to former civilisations, 
what IS its influence to be on the future of the world, in particular on the 
future of the \^hit€ people’ If we are not to suffer the rise and fall which all 
previous civilisations have passed through — rather let me say, tf the pe7iod of 
our fall IS to he retarded beyond the period our forerunners enjoyed, it will he 
solely because we wield and use the poueis Science has put into our hands not 
so much those of abstract science but the broad wisdom which the proper 
cultivation of Science should confer, hence it is that I desire to urge the 
absolute importance of giving, through Science, a place to the cultivation of 
wisdom in the State and therefore in education 

Clearly, two new forces are at work in the world not Science alone but also 
a broad and altruistic Socialism, both the outcome of the intellectual treedom 
man has acquired since the deposition of the Churches The ono is gradually 
leading us to base our actions upon knowledge and to be practical through the 
use of theory, the other is leading us gradually, though slowly, to have con 
sideration for one another, to recognise how helpless are the majority, how 
greatly they stand in need of the guidance of the few who are cipible of 
leading But we shall need to order our Socialism by Science to make it a wise 
Socialism The signs are only too numerous that a wave of pol tical despotism 
may come ovei us Either, as time goes on. Science will be moie and more of 
seivice in guiding the social machine — or that machine will perish, from the very 
complexity of its organisation and the inability of the units to understand then 
place, to understand the need of subordinating their individual inclinations to 
communal interests, most important of ail, to understand then inability to 
recognise and require competent leadership — for Science is aristocratic in its 
tendencies indeed, I shall claim that real Science — Wisdom — is for the very few 

The arroganc^e of ignorance at the present day leads too many to brush all 
such considerations aside It is only too rarely that thinking men have the 
courage to pronounce judgment as clearly as did recently a distinguished 
dignitary of the Church, Dr Inge, the Dean of St PauVs, the cathedral of our 
greatest city, in a strikingly outspoken course of lectures to women The warning 
he gave is worth pondering over — 

‘ Democracy is perhaps the silliest of all fetishes that are seriously wor 
shipped among us The method of counting heads, instead of breaking them, 
IS no doubt convenient as a rough and ready test of strength since government 
must rest mainly on force It is also at least arguable that democracy is, at 
present, a good instrument for procuring social justice and for educating citizens 
in civic duty But that is really all that anyone has a right to say in its 
favour There is absolutely no guarantee, in the nature of things, that the 

decision of the majority will be either wise or just, and what is neither wise 
nor just ought not to be done This is a somewhat elementary truism to 
enunciate to an intelligent audience, but there stands the ridiculous fetish 
grinning in our faces and the whole nation burns incense before it ’ 

The message of Science must be to the same effect If the Christian spirit 
prevail, Science and Socialism must ultimately go hand in hand — but true 
Socialism, not the spurious article advocated by the limited intelligence of the 
political intriguer of the day who leaves altogether out of account hum in nature 

R B a 
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and its imperfections while preying upon the gullibility of the masses Science 
IS not yet a sufficiently public possession, however, to make a rational and 
considerate Socialism possible 

That religion will ultimately be placed upon a scientific basis — though perhaps 
only in far off days — may also be anticipated, for it has been well said that in 
literature we already have homilies innumerable that God’s universe is a 
symbol of the Godlike , Immensity a Temple, Man’s and Men’s history a perpetual 
Fvangel In thus quoting Carlyle, I am awaie of Mr Balfour’s ill judged, 
flippant reference to his ‘ windy prophesymgs ’ — tlmt for the time being his 
Puritanism is out of fashion But I prefer Huxley’s estimate, who uses 

memorable words in saying — 

‘ “Sartor Resartus ” led me to know that a deep sense of religion was com 
patible with the entire absence of theology Science and her methods gave 

me a resting place independent of authority and traditions 

* The longer I live the more obvious it is to me that the most sacred act ot 
man’s life 4S to say and to feel ** I believe such and such to be true ” All the 
greatest rewards and all the heaviest penalties of existence cling about that act 
The universe is one and the same throughout, and if the condition of my success 
in unravelling some little difficulty of anatomy or physiology is that I shall 
rigorously refuse to put faith in that which does not rest on sufficient evidence, 
1 cannot believe that the great mysteries of existence will be laid open to me on 
other terms It is no use to talk to me of analogies and probabilities I know 
what I mean when I say, I believe in the law of the inverse squares and I will 
not rest my life and my hopes upon weaker convictions I dare not if I would ’ 

* Science seems to me to teach in the highest and strongest manner the great 
truth which is embodied in the Christian conception of entire surrender to the 
will of God Sit down before a fact as a little child, be prepared to give up 
every preconceived notion, follow humbly wherever and to whatevei ibysses 
Nature leads or you shall learn nothing I have only begun to learn content and 
peace of mind since I have resolved at all risks to do this ’ 

These remarkable passages occur in one of Huxley’s letters to the Rev 
Charles Kingsley , probably they are a fair representation of the faith that iS in 
all whose views of life are ordered on a scientific basis At least, they indicate 
our attitude towards utterances such as Sir Oliver Lodge has given expression to 
even from the Presidential Chair of this Association and to the fancies woven 
by Mr Balfour in his recent Gifford Lectures Sir Oliver has asserted that ‘ the 
methods of Science are not the only way, though they are our way, ot arriving 
at the truth ’ It is scarcely necessary to controvert so illogical a statement 
If they are our way, it is because the methods of Science are the only methods 
known to us which we can apply in our search for truth all methods which 
lead to truth are necessarily methods of science 

With all the marvellous growth of achievement to which I have referred, 
there has been no proportionate growth of public intelligence Our Admiralty 
and to a far less extent our War Office have called Science into their service 
but our public Departments generally will have none of it Even the elements 
of an understanding of the methods of Science are not thought to be essential to 
the education of a Civil Servant, such knowledge is not required even in the 
highest branches of the Indian Service — no politician is ever supposed to need 
it we are governed almost entirely by the literary spirit 

Our newspaper press is in the hands of literary men Even ‘The Times ’ 
gives no regular place to Science — now and then chance reference is made to 
some discovery but too often the account is garbled It publishes Literary and 
Educational Supplements in neither of which Science figures, and recently, on 
reducing its price in order to increase its popularity, it abandoned the weekly 
publication of its Engineering Supplement and issues this only monthly in an 
emasculated form The Liberal press is distinguished by the infrequency of its 
references to scientific questions and by the superlative inaccuracy of the state 
ments that are made The * Morning Post,’ by reporting the meetings of 
societies and by opening its columns recently to a lengthy correspondence 
on * Science and the State/ however, has shown sympathy with us 
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The ‘ Daily Telegidph ’ alone of the Conservative papers retains the ser 
vices of an eminent scientific writer but even Science cannot make a 
summer of one swallow Editors who do not appreciate a subject themselves 
are not likely to suppose that others will care for it Lastly, I am told 
by friends high up in the publishing trade that there is no demand for readable 
books on Science — only text books sell and provided always that they are 
written on conventional lines^ so that their contents can be memorised Never 
theless, I have hopes, since Messrs Dent have issued Faraday’s ‘Electro 
Chemical Researches * as one of the shilling volumes in their wonderful ‘ Every 
man ’ series , this is the^one promising speck of white cloud on an otherwise black 
hoi izon 

The spirit of the age, in fact, is in no way scientific, though e ise and comfort 
are now provided on an unprecedented scale through the agency of Science, the 
engineer acting as chief interpreter The Churches will have none of it and 
almost glory in their ignorance 

Why IS this’ Why was Huxley so out in his foiecast made in 1861’ Why 
do we still go naked and unashamed of our ignorance of ‘ Science ’ ’ 

One main reason is tliat the party m power is unscientific, but at bottom, 
I believe^ the difficulty is a far greater one and piobably innate in our dis 
position It cannot well be supposed that man is by nature disposed to be 
scientific The scientific fraternity, at any time, are and probably ilways will 
be but a small paity — a set of freaks, spoits from the multitude They think 
and talk in a language of their own, is mubicians do The multitude may listen 
to them it times, with moie oi less of pleasiiie as they do to music, but it is 
impossible and piobably always will be impossible for the many to appreciate 
the methods and lesults of the scientific woiker Science, in reality, is a foim 
of ait and true artists are never numeious, moieovcr, it is admitted that they 
lie boui — like Topsy, they must glow, for they are not to be made in numbeis 
Our schools are for the most pait in liteiary hands and it would almost appeal 
that literal V and scientific inteiesta aie antagonistic, so unsympathetic has been 
the reception accorded to Science by the schools 

Paieiithetically, let me here deny the accusation not unfiequently made by 
liteiaiy wi iters that the scientific fiateinity aie tiying to oust literal y studies 
fiom the schoolo Nothing could be fuither from the tiuth We iic ilwijs 
(laving for bettei literaiy training, our complaint is that the methods iiid 
subject raattei of literary training iie far fiom being piopeily developed and 
especially, that English is neglected iii the schools Huxley stated the leal 
situation in saying ‘ fecience and liteiature aie not two things but two sides of 
the same thing ’ Oui attitude and the diffeicnce between the two kinds ol 
training could not be bettei defined than it is in the following passage fiom one 
of his lectuies — 

‘If I insist unweaiiedly, my fuiati illv, upon the impoitance of physic il 
science as an educational agent, it is because the study of any bianch of 
Science, if piopeily conducted, appeals to me to fill up a void left by all othei 
means of education 1 have the greatest icspect and love foi literatuie, nothing 
would giieve me more than to see liteiiry tiaming other than a very piominent 
biancli of education indeed I wish that leal liter iiy discipline vveii^fai moie 
attended to than it la , but I cannot shut my e>es to the fact that there is i 
vast difference between men who have had a puicly liteiaiy and those who have 
had a sound scientific tiaming 

‘ Seeking for the cause of this difference, I imagine I can find it in the f ict 
that, in the woild of letteis, learning and knowledge aie one and books are the 
souice of both, whereas in Science, as in life, leaiiiing and knowledge aie 
distinct and the study of things and not of books is the source of the latter 

‘ All that literature has to beotow may be obtained by reading and by 
practical exercise in writing and speaking, but I do not exaggerate when I say 
that none of the best gifts of Science are to be won by these means On the 
contrary, the great benefit which a scientific education bestows, whether as 
training or as knowledge, is dependent upon the extent to which the mind of 
the student is brought into immediate contact with facts — upon the degree to 
which he learns the habit of appealing directly to Nature and of acquiring 
through his senses concrete images of those properties of things which are and 
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always will be but approximately expressed in human language Our way of 
looking at Nature and of speaking about her varies from year to year^ but a 
fact once seen, a relation of cause and effect once demonstratively apprehended, 
are possessions which neither change nor pass away but, on the contrary, form 
fixed centres about which other truths aggregate by natural afi&nity * 

The rise of Science is due to the introduction of the experimental method 
Mr Balfour, in arguing, as he has done recently, that Science rests upon 
many unprovable postulates and therefore does not differ in method from 
metaphysics, has made assertions which cannot be allowed to pass as coirect 
True Science rests wholly upon fact and upon logic all else is mere provisional 
hypothesis — ^a garment we aie prepared to put aside at any moment if cause be 
shown We are well aware that human nature is always intervening to spoil 
our work , it is human to err, and talse doctrine may easily occupy the attention 
tor a time, but we are fully conscious of oui limitations and piepared to admit 
them, whilst we feel that we are ever advancing towards secuiity of knowledge 

The method of Science, indeed, is the method of the Chancery Court — it 
involves the collection of all available evidence and the subjection of all such 
evidence to the most searching examination and cross examination False evi 
deuce may be tendered and for the time being accepted, but sooner oi latei 
the perjury is discovered Our method, m fact, goes beyond that of the courts 
we are not only always prepared to reconsider our judgments but always search 
ing for flesh evidence, we daio to be positive only when, time after time, the 
facts appeal to waiiant a definite conclusion But there are few instances in 
which we have travelled so fai The Newtonian theoiy of gravitation, the 
Daltonian theoiy of atoms, are two striking examples of generalisations which 
fit all the facts, to which exceptions are not known, should any exception 
be met with we should at once doubt the sufficiency of such theories In cases 
such as Mr Balfour has discussed — ^the problems of metaphysics and of belief — 
experiment and observation are impossible we can only resort to speculative 
reasoning , our belief, if we have one, is necessarily founded upon intangibilities 
and desires 

‘ Theie was a door to which I found no key 
There was a veil past which I could not see , 

Some little talk awhile of Me and Thee 
There seemed — and then no more of Thee and Me * 

The awful problem before us at the present time is to decide which direction 
we will take, to what extent and in what way we have the right to teach things 
which transcend our knowledge, the way in which truth lies may be clear to 
some of us but can never be to the majority Those who wrap up such matters in 
a tangle of words are not helpful, to say the least However mellifluous the 
terms of Bergsonian philosophy may be, they do not bear analysis when the 
attempt is made to interpret them, their effect is merely sensuous, like that of 
cathedral music 

But in order that she may lead. Science must herself set an unimpeachable 
example — far too much that is now taught under the guise of Science is pure 
dogma , in^fact, the philosophy of the schools is mostly dogma The true legal 
habit of mind is insuflaciently cultivated and but rarely developed even among 
scientific workers — our logic is too often an imperfect one In Science, as in 
ordinary life, party politics run high and scientific workers are usually, for the 
time being, party politicians We are too often crass specialists, always very 
human indeed, whatever the lines along which Evolution has taken place, 
they cannot well have been such as to favour in any considerable degree the 
development of the proclivities which distinguish the scientific inquirer time 
after time, doubtless, he has been knocked on the head, and the spread of his 
kind prevented, now we too often lame him, if we do not kill him, by faulty 
education 

The difficulties under which Science labours in our schools are partly internal, 
paitly extern il Tradition and the type of mind of the average teacher favour 
set lessons and literary study by blocks of learners, the extra cost of the work 
IS considerable, when the expense of the special requirements is taken into 
account , more time and more individual effort are demanded both from teacher 
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and from taught, freedom is hampered by the need of considering the require 
ments of external examinations, finally, the Universities have done but little 
to help and though the schools have more or less unwillingly recognised that 
there is some value in scientific studies, in consequence of the persistent demands 
men such as Huxley have made, more especially because it is seen that there 
IS money in them, none the less there is still no real demand for them on the 
part of the public Of this and, in fact, of nearly all the real problems of 
education the public are too ignorant to be judges 

Having been more than forty years not only a teacher but also a student 
of students and of teachers, of educational methods and of the conditions under 
which teaching is earned on, I have been led to form very definite opinions, 
the more so as I have been able to regard the problems not only from the 
pedagogic side bub also from that of the chemist and biologist — with some 
knowledge of the mechanism 

My view — and it is one that I desire to press to a logical conclusion — is that 
we must recognise that human ability is not merely a limited quantity but that 
it varies enormously not only in quantity but also in quality the human 
orchestra contains a great variety of instruments differing in tone and range, 
but Nature, like man, makes few instruments of superlative excellence, a \ast 
number of very poor quality and only a moderate proportion of serviceable 
type If Science can tell us anything, it is that the democratic and republican 
ideal of equality is the veriest moonshine — a thing that never has been and 
never will be And education can do very little to alter the state of affaiis 
it cannot change the instrument, at most it can develop its potentialities and 
it may easily, by careless handling, do damage to the working parts To take 
a special case, of interest at the moment, no contention is less to be justified, 
I believe, than that which has been put forward frequently, of late year«!, on 
behalf of women — ^that their disabilities are in no small measure due to the 
fact that we have neglected their education give them time to educste them 
selves and they will be as men in all things Years ago, at oui Stockport 
Meeting, I ventured to express the difference by saying that woman is not 
merely female man but in manv respects a different animal the two sexes ha\o 
necessarily been evolved to fulfil different pui poses Nothing is moie instructive 
in the history of modem educational progress than the fact that women ha\e 
asked merely for what men ha\e at the ITni\ersities they have attended the 
mens courses, not one single course have they demanded on their own account 
Higher teaching m relation to Domestic Science so called has only been thought 
of very recently and mainly because men have uiged its importance Most 
spiious and, I believe, irreparable injury is being done to women, in London 
especially, by forcing them to undeitake the same studies and to pass the same 
Unueisity examinations as the men and the damage is done to the laco, not 
moiely to individuals, as the effect of education, whethoi direct oi indiiect, is 
clearly to diminish the feitility of the intellectual Some day, peihaps, when 
the present wa\c of selfishness has passed ovei us, a rational section of women 
will found a woman’s umveisity wheie women can bo taught in wa>s suitable 
to themselves without injury to themseUes In saying these things, ot coiiise 
I am laying myself open to the charge of narrowness — in deprecation I can 
only say, that what we are pleased to call education is, for the most pait, so 
futile in substance and m its lesults that I shall not mind in the least if I am 
accused of decrying it in mv opinion, we should all be better without most of 
it, men and women alike So far as so called intellectual education is con 
ctined, learning to read seems to me to be the one thing woith doing at 
piesent it is the thing most neglected in schools 

The commotion raised in pedagogic cades, during the last few months, by 
Madame Montessori is sufficient proof, if one were wanted, of the hopeless 
crudity of our educational practices 

To develop a rational system, we need to take into account man’s past 
history and to apply evolutionary and biological conceptions Education, as we 
know it and practise it, after all is a modern superstition — something altogether 
foreign to the nature of the majority of mankind it is based on the false 
assumption that we can all be intellectual, whereas most of us can only use 
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our hands But the schools neglect hands and attempt the impossible by tiying 
to cultivate non existent wits Man is doubtless pietty much what he was and 
it IS useless trying to make of him what he has never been The harmless vision 
by which Mr Wells and other windy idealists are obsessed of a perfect man in 
a perfect future may safely be left out of account foi the present 

We are seeking to educate all What does this mean’ Practically that 
v^e are seeking to teach all to read But when they have learnt, what are the 
majority to lead — what will they care to read’ At the schools for young 
gentlemen, the reading taught hitherto has been mostly the reading of Latin 
and Gieek We know the lesult — the number of persons above school age who 
can and do read either language is negligible Some of us learn French, 
scarcely any leain Geiman, Spanish is all but neglected when, theiefore, we 
MSit the Continent of Europe oi South America we can only mumble a few 
woids of the language of the country and usually allow the foreigner we visit 
to speak broken English foi us few of us lead his liteiatuie 

The a am attempt is made to put us in touch with the past but no real 
effort IS exerted to bung us into contact with the piesent We ha\e not yet 
taught English m our higher schools but are beginning to think of doing so — 
to this end, we aie uiging that attention be paid to so called classical literatuie 
forgetting, of course, that for the most pait this was written foi gi own ups 
and not as food foi babes of school age 

The difficulty is still gi eater m the case of those who have only passed 
through the elemental y schools — the literatuie that will appeal to most of these 
will be very limited in scope Our newspapers show pretty cleaily what will go 
down not much — but it represents what is going on in life In London, when 
the theatres are under discussion, it is often said that people want to be 
amused, not instructed, to cudgel our dull brains is a dull business to most 
of us It seems to me that this doctrine should be applied moie than it is in 
the schools At all events we shall do well to remembei the woids of the 
holy 1 ima in Rudyard Kipling’s * Kim ’ * Education is greatest blessing if of 

best soits Otheiwise no eaithly use * 

To discovei the best soit foi each soit of student is our difficulty — who will 
do it’ Here comes mv point Not the present lace of schoolmastei oi ot 
educational authoiitv By placing classical scholars in charge, we seem uncon 
sciously to have selected men of one particular type of mind for school 
service — men of the liteiaiy type, and this type has been piefeired foi 
neaily all school posts, mainly because no othei tvpe has been available 
this being the chief product of our Univeisities Such men for the most 
part, have been indifferent to subjects and methods other than liteiary — 
I veiily believe not because they have been positivelv antagonistic or lacking 
in sympathy but rather because of their negative antagonism of an innate 
inability to appieciate the aims and methods of any other school of thought 
than their own, especially on account of their entire ignorance of the experi 
mental method I believe, moreover that the difference is fundamental and 
temperamental, not to be overcome by training Oxford, owing to the bait 
of its classical scholarships, seems to have attracted an entirely peculiar type 
of ability and to stand alone in consequence, at Cambridge, owing to the hold 
obtained by mathematics, the field has been divided but the mathematician in 
his way, is often as unpractical by nature as the classic, fortunately, of late 
years, owing to the use of the Medical School and that of Natural Science, other 
elements have been intioduced and the University has a futuie of infinite 
piomise in consequence, if it will but realise that its piimary function is to 
inculcate wisdom rather than to give puiely professional training 

Sympathy is only begotten of understanding the literary tvpe of mind 
apparently does not and cannot sympathise with the practical side of modern 
scientific inquiry, because it has neither knowledge of the methods of experi- 
mental science nor the faintest desire for such knowledge 

We need a more practical tvpe of mind for our schools Pessimist though 
I may appear to be, having watched with close attention, all mv life, the great 
struggle that has been going on in and between schools — having had the great 
good fortune al*5o myself to be one of the early workers in the province of 
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techniOcil education and h iving been associated with the development of one 
of the greatest of oui boarding schools (Christ’s Hospital) — I am, of course, 
aware that verv great progress has been made and am, in every way, hopeful 
of the future in store for those who are unaffected by present prejudices In 
my experience, the men to whom the progress has been due have, in all cases, 
been trained in a broader school than that of Oxford , the few escapes 
from Oxford who have been successful reformers have been the exceptions 
which prove the rule, as thev ha\e shown themselves to be gifted with practical 
instincts to such men the Oxford liteiarv training has been of extreme value 
Oxford will not gam its full value until all tvpes of ability are represented in 
fair proportion by its students, not one almost exclusively When this step is 
taken, the incubus of the Oxford spiiit will no longer be upon us it will then 
be possible for us to regard education as ‘ a preparation for life ’ — a formula 
often used but usuallv honoured, hitheito, in the breach, rarelv if ever in the 
observance, in our schools 

You may remember the words addressed to Kim by that wonderful man the 
Mahbub ‘Son, T am weaned of that madri^mh (school) where they take the 
best years of a man to teach him what he can onlv learn upon the Hoad ’ This 
IS tiue philosophy — a philosophy that should be noted by the schools, especially 
those heie in Australia 

Theic must be no misundei standing The representatives of literary tram 
mg rely (hieflv on a past into which it is well not to look too closely and must 
always woik with bon owed capital m the davs to come our side has no distant 
past worth speaking of but is hopeful of a glorious future, in that it will 
always be adding to its knowledge, we desne to do their party all possible 
lustice and shall evei be m need of their assistance and more than grateful 
for the service thev lender us, but it must be war to the knife if they will 
not recognise that, in a progiessive age thev cannot lead anv longer, that we 
shall decline to put up m futuie with the conceit and nairowness of outlook of 
tlu classical scholar 

The argument I ha\e applied to the teacher is equally applicable to the 
tiught — boys and giils indeed students generally, aie of diffeient tvpes they 
have diffeient oideis of ability and cannot be treated as if all w^eie alike Tn 
the beginning we may tempt them with all soits of scholastic diet but only 
in the ni nn in oidei to disiovei then iptitudes , when these aie found they 
should be the niPiii line of attack In saving this, I am not arguing in favour 
of extreme specialisation but against time being wasted in attempting the 
impossible Some of us can learn one thing otheis anothei the schools try to 
foice too many into one mould It is essential that we should try to lav ceitain 
foundations but useless to pioceed when we find that some of them cannot 
be laid 

This doctime is applicable especially to the selection of scholars and to the 
tiaming of teacheis and of evening class students We select oui scholais 
almost entiiely bv literary tests — the result is that we select peisons of liteiaiy 
aptitude rather than those gifted with practical ability for eveiy kind of service 
Ike necessaiilv breeds like Bv insisting on ‘grouped couises* we too often 
oblige students to take up subiects which they are incapable of paying attention 
to with profit most of us, probably, hive found out that there aie many 
subjects which we simply cannot learn tiy as we may 

Mv own expel lence has been gained in a wide school My course of action 
was determined m early davs by reading Tiench’s ‘ Studv of Woids,’ from 
which I acquired inklings of the art of inquirv and an interest in tracing 
things to their origin At College, at the end of but a single year’s didactic 
study, it was my great good fortune to be honoured with the confidence of mv 
teacher, the discoverei of zinc methyl and the author of the conception of 
valency, who charged me with the solution of a problem to work out an 
absolute method of determii ing the organic matter m river and well water 
Instead of wasting time m meielv repeating what others had done I had to 
help myself in all sorts of ways the discipline was invaluable At the end 
of a year and a half, on goinig to Germany to studv T again came under the 
influence of a man an individualist of the first water, who encouiaged hia 
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students to think for themselves and do things themselves he was an arch 
heretic himself and we disputed with him constantly ^ 

When I began to teach, the formal methods in vogue appeared to me unsatis 
factory At first I had to instruct medical students Then, in 1879, Professor 
Ayrton and I became associated with the mo\ement to give technical education, 
m both day and evening classes, started by the City and Guilds Institute At 
first we were in temporary quarters, then the Finsbury Technical College was 
erected — ^mainly from our designs Together with Professor Perry, we there 
developed complete courses of instruction for day engineering students of diffei 
ent types In 1884 we were transferred to the Central Technical College, 
South Kensington, where again, in conjunction with our colleagues. Professors 
Henrici and Unwin, Professor Ayrton and I devised complete courses for 
engineering students but of a higher grade than at Finsbury ** Both colleges were 

* Those were halcyon times, before the rot had set in which has rendered 
modern German scientific training a discipline so inferior to that imparted 
while the high ideals set by Liebig and Bunsen were alone operative money 
making was nbt vet the object , in fact, the Alizarin patent was only taken out 
at that time and the Salicylic acid patent a few yeais aftei wards, specialisation 
was unknown every student was working at a diffeient problem and everyone 
knew what everyone else was doing — we constantlv discussed our doings together 
In later yeirs, each laboratory has had its special subject and the students 
working with this or that membei of the staff, as a rule, have been pledged to 
secrecy, in case their results might turn out to be of jnactical value and 
patentable The peculiar growth of a new school, that of Physical Chemistry, 
has also contributed in an unfortunate degree to a change in attitude, the 
more as it has been pledged to one particulai cieed 

Mainly through the remaikable influence exercised bv Ostwald, an escape 
fiom the artistic literary party, whose voluminous and eloquent wiitings have 
had a great vogue, highly speculative doctrine has been put Before students not 
tentati\ely and argumentatively but as absolute truth religious doctiine ha^ 
rarely been professed with greater feivour or with less regard to logic Woikers 
in this field have not only been neglectful of the organic side of chemistiy 
and altogether lacking in breadth of appreciition but what is even worse— their 
fingers have not been cultivated 

The two influences combined have depiived the Geiman chemical school of 
salient features to which formeily it owed its pre eminence Fortunately, 
peril ips, we have not been successfid on the commeicidl side but far too many 
of us ha\e fallen victims to lonomania and the disease has had due effects, 
paiticiilarly in biologicil cmles the text books are so full of it that the 
infection will not easily be looted out 

In recent years several admirable books have been written on the ‘ pay your 
money and take vour choice* piinciple, in which the views advocated by 
A, B, &c , aie set down In discussing these with friends I ha\c been neirly 
always told * Oh, but you must give students some positive belief ’ To me it 
seems that unless the reasons can be stated and their sufficiencv coiisideied, we 
are not teaching anything worthy to be teimed Science and in no way pio 
moting the intellectual i evolution contemplated bv Hualey 

^ As pieces of original pioneering research work m education, that done at 
the two colleges has been of great importance, invaluable expeiience has been 
gained — yet no one has asked to have the woik fully lecorded and discussed 
As is our English habit, having made an expeiiment successfully, we put oui 
expeiience aside and stait afiesh on a new tack after being a phenomenal 
success, at the end of twenty five years, our system has been abolished at 
Kensington and a return made to easy conventional ways New forces are in 
operation, the last thing we English can contemplate is collective and continuous 
action 

To pass from small things to great, we once had a Science and Art Depart 
ment it was brought into being, with the assistance of Prince Albert, by the 
late Lord Playfair, who did everything possible, throughout his life, to secure 
its eflS^ciency, Huxley, Sir John Donnelly and Sir William Abney raised it to a 
high level , now it is all but abandoned 

Once, in early years, the School Board for London had on its Council a man 
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distinguished from most others in the country by the completeness of their 
obligatory couises and by holding an entrance examination, which all students 
entering upon such courses were required to pass, as well as by the efforts that 
weie made to consider the capabilities of the students and to meet their 
requirements 

My views were first made public iii 1884, when a scheme of instiuction was put 
f 01 ward which was eventually developed into that known as the heuristic 
method My experience of the method has been gained both in my own school 
and by watching its application by my pupils and others in a variety 
ot schools — by Messrs Gordon and Heller in schools under the School Board 
foi London, by Mr W M Heller, of late years, on a very large scale in Irish 
clementaiy schools, in a number of girls* schools, in Christ*s Hospital school, 
and during over twenty years in one ot the most successful modern secondaiy 
schools 111 the countiy, where my foui sons have been educated, which has 
grown up at my doois, under a head master who has been a warm advocate 
of heuristic teaching 

The subject is discussed so fully iii my book on ‘ The Teaching of Scientific 
Method* (Macmillan & Co, London, 1903 , 2iid ed 1911) that it is unneces 
sary to say anything of the method, beyond pointing out that it involves put 
ting the learner in the position of inquirer and insisting that the puipose with 
which an experiment is made shall be fully appreciated before it is carried 
out and that the bearing of the result on the question asked at the beginning 
shall bo fully considered — each successive expeiiment being devised to promote 
the solution of the problem undertaken and to justify the solution arrived at 
One featuie of the work is the stress laid on an account being wiitten of the 
work in pioper liteiary form, stage by stage, as the inquiry is carried on the 
art of making experiments is the one before all others to be cultivated by such 
work, theiefore it is essential that a statement of the motive with which an 
experiment is made shall be written out before proceeding 

The results obtained eithei by myself or through the agency of those whom 
I have trained have been most encouraging, but it has only been too obvious 
that those who attempt to put it in practice, after they have been under the 
infiuence of didactic and dogmatic teaching, have the greatest difficulty in ac 
quiring the right habit of mind so that, probably, not many teachers have really 
learnt to appreciate the method and its possibilities it is one that involves too 
much thinking to please the majority, thinking is always troublesome work 
But the movement has had an influence in many quarters and has even affected 
literary subjects an ideal has been introduced into teaching the application of 
which IS new, though it is not new in principle Our conventional method of 
teaching is not one which favouis the development of an inquiring habit — we 
give demonstrations and we call upon students to veiify statements that are 
made to them, but we aie so occupied in stating results, that we do not explain 
how the results were arrived at and what led up to them As a rule, 
only those who have done icseaich work know whit constitutes an experiment 

My own experience with students has satisfied me that they not only vary 
m ability but that the different classes are of very different types of mind 
the engineer tends to be constiuctive but not analytical, the analytical intro 
spective habit of mind is more highly developed in the chemist, the biologist 
larely has mathematical proclivities 

It is useless to attempt to teach all in the same way and many can learn 
only very little 

The explanation of Huxle\’s fiilure to foiecast the futuie of Science lies, 
apparently, in the fact that men generally are not attuned to her ways I am 


of sterling worth, who was a whole heaited believer in Science — the late 
Di Gladstone under his influence a most important and successful beginning 
was made to give very elementary lessons in scientific method in the schools , 
the experiment came to an end even before his death the work done by the 
teachei was so highly appreciated that he was attracted elsewhere and had no 
proper successor 

We seem, in all things, to depend on some one man it will rest with Science 
to lemedy this disability from which we suffer so much 
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inclined to think that the ‘ meie man of letters * will tontiniie to ignoie and 
despise Science — he will lack the peculiar mental capacity to assimilate scientific 
teaching Only the few will use to a pioper understanding of the mysteries 
and be masters of their subjects, though miny may be tiained to be skilful 
mechanics 

The extent to which the multitude can leceive instiuction is a matter of 
piimary importance If, as Huxley has said, the greatest intellectual revolu 
tion mankind has vet seen is now slowly taking place by the agency of Science — 
if she be teaching the woild that the ultimate couit of appeal is obseivation 
and experiment, not authoiity, teaching it the ^alue of evidence then must 
we strive to teach all, in some measuie, what constitutes evidence, what obseiva 
tion and experiment are 

I believe much can be done in this diiection, having made the attempt 
with hundreds of unwilling students in my time, students of Engineering who 
had not only made up their minds that they were not going to learn 
Chemistry as it was not their subject but were incapable of ever entering 
into the spirit of the woik — one of my sons was amongst them At an eaily 
period, having lealised that it w is useless to waste my time and theiis in 
the stiuggle and that it would not help them, in the long run, to gi\c 
them Chemical tips which they lacked the sense to appreciate and to ajiply, 
I made up my mind that it was desiiable instead, if possible, to develop any 
detective oi inventive spiiit that might be in them, so advised them to 
lead detective stones instead of a text book and ask themselves what the stones 
taught them how the detectives set to woik Then attention was secuied by 
uiging them also to think whit would be then position, latti in hie, when they 
were called upon to act foi themselvts and to get new knowledge foi themselvis, 
if they had not leaint to think for themselves We have then set them to woik 
to solve a senes of pioblems in the laboiitorv Tin couise, in fact, was i 
combined laboiatoiy lectuie course, the lectuies being on and alwavs subsequent 
to the laboratoiv woik In not a few cases, in aftei veais, when I have imt 
old students, thev have told me spontaiieouslv tint, much is tliov had objected 
to the piessuie put upon them, oui insistence on then loaimng to do something 
themselves had pioved to be of extieme value Long expenence Ins ton 
viiiced me that anyone who has once leaint to make simple measuiements and 
obseivat]ons and to ask and iiiswer a definite question expeiimentally is on i 
different mental and moial plane fiom tint occupied by those who have Ind no 
such tiaining 

Such teaching is possible even in elemental v schools— giv en competent 
teacheis, but a new late of teachers will be required to caiiv the woik into 
effect, should it be decided to make the attempt at all gencially 

The great mistake that Ins been unde liitheito is that of attempting to teach 
the elements of this or that speciil blanch of Science whit we should seek 
to do IS to impait the elements of scientific method and inculcate wisdom, so 
(hoosing the material studied as to develop an intelligent appreciation of what 
is going on in the world It must be made cleai in eveiy possible way, that 
Science is not a meie body of doctiine but a method that its one aim is the 
pursuit of truth 

If we are to progress in these matters, a system must soon be developed which 
IS broad ei and bettei than that uiidei which we now muddle along — at present 
the real problems of education aie all but neglected, even if the official mind 
weie capable and desirous of piomoting piogiess, the work of admmisteiing 
rules and legulations — of keeping the machine going — is so great that no time 
is left for thought 

To accomplish oui puipose we need to intioduce higher ideals into oui 
University life — the ideals that have long governed the Geiman Universities 
In place of the worship of mere knowledge, we must put those of understanding 
and application and seek to teach all, as far as possible, to appreciate the art 
of discovery — to value and promote inquiiy and discussion to exercise a 
reasonable logic, in fact 

We have seen the error of our ways sufficiently to give up payment by results 
and are all but ashamed that we were ever misled by Robert Lowe to adopt such 
a soul killing policy But none the less our entire educational system is still in 
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the grips of commercialism and, in this respect, as a nation, we stand alone, 

I believe Scholarships, prizes of one kind or another, examinations are the 
perpetual teast of British education Examinations, in fact, are a regularised 
and very lucrative branch of industry— mostly in the hands of certain firms 
who diplomatically shelter themselves under the segis of this or that educa 
tional body , but the Universities are the greatest sinners Valuable as examina 
tions may be within certain narrow limits and for certain definite purposes, there 
IS little doubt that our general ignorance is in no small degree determined by 
our worship of the examination fetish So long as the system prevails, the 
education of our youth will not be in accordance either with their capacity oi 
their requirements but on lines corresponding to those by which prize cattle are 
raised for show — they will be trained to develop some specially catching point 

The examinations are an inheritance from the literary rule It is possible to 
test on paper whether a man be ‘ well read ’ but faculty as distinct from capacity 
cannot be so determined What is worse, by forcing students to commit a large 
body of doctrine to memory, the attention becomes fixed merely upon what 
others have done and little time or inclination is left them to acquire a know 
ledge of method — the faculty of thinking for themselves and applying their 
knowledge No class suffer more seriously than medical students under the 
system — their preliminary training is all but entirely didactic and the time 
spent upon it all but wasted we need not wonder that medicine has made so 
little advance, the practitioners being in no way trained in the use of scientific 
method 

That we should so long have suffered so futile a system to prevail is incom 
prehensible German higher education has achieved marvellous results without 
any such provision of rewards and prizes as ours and has gi\en breadth to the 
nation in consequence, in fact, science in Germany is all but a household word, 
IS every family in the educated classes has one or more of its members tiained 
at the University and the primary function of the Universities is to inculcate 
i knowledge of method they insist that all who take their degrees shall have 
inklings of the art of inquiry, not mere knowledge 

To improve our educational system we need to get rid of our blind British 
belief in ‘men of affairs,’ especially in the ‘man of business,’ so called, really 
the man of commerce, as persons capable of ordering everybody’s affairs and 
everybody’s business The commercial man, the financier or the lawyer, would 
never think of calling us in to manage his proper business — why should he be 
thought competent to manage ours’ Results show that he is not, as my 
argument in this address would lead us to expect would be the case 

No one will seek, for one moment, to minimise the progress made or fail to 
recognise that infinite credit is due to those who have controlled the work of 
education thus far, hitherto, however, progress has been made in providing 
accommodation and getting scholars to school and college the art of teaching 
has made no corresponding advance — nor will it, I believe, until the onus is 
cast more directly upon the teachers and they are forced to exercise greatei 
forethought in the direction of collective action— until they are placed in a 
position to be sole managers of their own affairs and called upon to row together 
as entirely self chosen crews At home, excepting at our ancient Uni\ersities, 
‘ Governing Bodies * are paramount everywhere — not the teachers and too often 
the sense of responsibility and power of initiative of the teacher are further 
diminished by the interposition of a Principal, who may be a man of all affairs 
except that in hand — ^the work of teaching If rumour speak truly, the College 
President is too often the bar to progress in the United States of America 
It is well known that the exercise of responsibility promotes thought and begets 
the sense and power of accepting responsibility — the opposite is none the less 
true 

Personally, I have had special experience as to what can be done under a 
system involving collective action and have had foretastes of what might be 
done by sympathetic interlocking and correlation of courses I have no doubt of 
its superiority nevertheless, I recognise that such co operatue action may be 
‘ agin Nature * 

In some way, we must learn to debate our doings more fieely and not to 
flinch at fair criticism Whatever the faults of our English public school 
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education^ one of its many advantages is that boys who go through it are 
disciplined to stand the kicks of the world without too much complaining 
this IS one of the marks of the gentleman Such training is not easily given in 
the day school and no little difficulty is experienced, I am told, by employers 
of labour nowadays, on account of the way in which the least criticism, even the 
suggestion that there may be a better way of doing a thing, is liable to be 
resented and interpreted as fault finding by those in their employ 

If the conclusion at which I have arrived be correct — tliat science is not 
for the multitude and ctn never be geneially appreciated or even fashionable — in 
view of the part which it is clearly destined to play in education and in daily 
life, on account of its infinite and far reaching influence upon our well being 
— the responsibility cast upon the few representatives of science is very great 
in support of our civilisation and in order that wisdom may prevail more 
generally, they must organise its forces effectively 

Whilst Individuality is the mainspring of scientific progress, collective action 
IS required to provide full and proper opportunity for the workers and to 
promote the success of their inquiiies At present, scientific workers are 
organised merely for the purpose of providing means of publishing the results 
of their studies, in no way either for defence or offence our Societies are 
not effective even for the purposes of debate and criticism Thus, our chief 
English scientific Society, consisting of some 600 members representative of all 
the various branches of physical and biological science, is little more than 
a rabble — its Fellows are such individualists that scarce half a dozen of us 
can ever agree to work seriously together for a common purpose, and the 
irresistible influence we might exercise if we could be unanimous as to oui 
objective is lost to the community Most unfortunately the Society has no 
influence whatever either on political or on public opinion it makes no attempt 
either to guide the public or to give dignity and importance to the cause of 
science in the eyes of the community Its meetings are dull and its belated 
publications by no means represent the scientific activity of its Fellows The 
Presidents of the Society have too often been appointed at an age when the 
propagandist spirit is no longer paramount, when they have no particuhi 
scientific message left in them to deliver And they occupy the Chau too long 
this arises chiefly from the fact that however clear each one of us may be that 
individually he is tally competent to hold the office, we all agree in finding 
some objection to every name that is suggested to overcome this difficulty i 
short tenure is desirable, so that the compliment can be paid and encouragement 
given to the various sciences in turn^ no one should be appointed to such an 
office who IS more than 60 65 years old, as most of us have used up our ideas and 
have lost our virility by that age The other officers also hold their positions 
too long but members of the Council have far too short a life — consequently all 
the power is centred in the official body, attempts that have been made to 
organise the whole Society in sections representative of the various sciences have 
always been defeated by the official party 

Unless our scientific societies can be made more generally effective, if 
scientific workers are incapable of learning lessons from administrative life, it 
stands to reason that the collective interests of Science and of the bodv scientific 
must remain unrepresented and unvoiced — to the great detriment of progress 
and of the public 

Science must be organised, in fact, as other professions are organised, if it 
is to be an effective agent in our civilisation the problems pressing upon us 
are of such magnitude and of such infinite importance that we can no longer 
afford to be without wisdom 

* That there should one Man die ignorant who had capacity for Knowledge, 
this I call a Tragedy The miserable fraction of Science which an 

united mankind, in a wide Universe of Nescience, has acquired, why is not this, 
with all diligence, imparted to all ’ * This question, asked long ago by our 
Chelsea sage, remains shamefully unanswered 

Our present system is cunningly devised to keep expert advice at a distance 
unless a row can be made or action taken which will affect votes, little can lie 
done Persons afflicted with ideas derived from long service and serious study 
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may obtain a hearing occasionally, at meetings such as this , a leading article or 
two may be written about their vagaries, but the fetate has no use for them 
Neveitheless, ive must continue to rattle our drums, hoping that the noise will 
^ittract in course of time — 

‘ The future hides iii it 
Gladness and soriow. 

We press still thorow. 

Nothing that abides in it 
Daunting us — oiiwaid 

laiiy long we cannot — 

‘ One moment in Amiihildtion’s Waste, 

One moment oi the Well of Life to taste— 

The btars aie setting and the Caravan 
Starts foi the Dawn of Nothing — Oh, make haste ’ * 

God, He knows we need mtti more and more in the game* ’ said the 
Mdhbub to Kini The awful wai before us must inevitably prove this to be the 
case, IS proving it already, all that 1 have seen since 1 came to Austiaha, to my 
mind, IS proof to the same eftect As Pi nice von Bulow icmmds us, ‘ the varied 
life of a nation, evei changing, ever growing moie complicated, cannot be 
stretched or squeezed to fit a progi amine or a political principle ’ The future 
of tlus> Continent must depend on tiainmg being given that will educate and 
pi 0 vide real men, not softlings and town dwellers meiely 


The following Papers weie then read — 

1 State Aid for Science A Retrospect By C A BucicMASTER 

^ An attempt was made to show in what ways and to what extent the State 
lias provided funds for the promotion of Science during the past sixty years, 
to trace the variations in amount and manner tiom year to ^ear, and to see 
what general conclusions, if any, can be drawn from the results 

Ihc sums voted in the Estimates presented to Parliament were taken as a 
basis, and classified under the two heads of Aid given to Sc ence Instruction and 
Aid given for the promotion of Scientific Research 

lire first of these was again divided into the assistance given to Science 
teaching iii connection with Elementaiy, Secondaiy, Uiiivcisity, and lechnical 
Education respectively 

The part played by the various Government Departments m this distiibution 
of public funds was indicated, and the effect of this vaiicty on the results of the 
investigation noted 

hinally the evidence of increase or decrease both in amount and interest was 
examined and the general results of the inquiry summarised 


2 Mathematics and Science as Part of a Liberal Education 
By W D Egg\r 

The methods of teaching the elements of these subjects have been discussed 
almost ad nauseam durmg the last thirteen years and perhaps longer, the mam 
starting point being the meeting of the Biitish Association in Glasgow in 1901 
It IS not the object of the writer of the paper to question the merits of the 
changes of method either m Mathematics or Science The immediate cause of 
the uiaiiges has been the change in the character of examinations Examina 
tions, and, m particular, the school leaving examination, must always determine 
the nature and extent of the school teaching The accepted view is that a boy 
who has passed this examination has obtained a satisfactory general grounding, 
and IS capable of ‘ specialising,* as it is called, in Mathematics, Science, Classics, 
History, Modern Languages, or, at the University, in Law, or Theology, or 
Metaphysics 

It IS maintained by the wiitei that the Mathematics required by all these 
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qualifying examinations are either too little or too much From the puiely 
utilitarian standpoint^ the standpoint which is now almost universal^ it is only 
the man in a scientific profession who wants anything more than plain Aiithmetic 
From the aesthetic standpoint every educated man wants something bettei than 
simultaneous quadratics^ which mark the superior limit in Algebia The modern 
classical bixth Form boy misses the old logical ti lining of Euclid, which after 
all did appeal to and intluence the clever ones, and has now been replaced by a 
hotch potch in which any proof of a theorem ib accepted which is good enough 
foi an engineer 

The conditions in science teaching aie boniewhat similar Here again every 
thing has been sacrificed to the average stupid boy the average clevei boy is 
disregarded The boy without imagination muot have everything presented to 
him with an obvious utilitaiian sauce Hence Pcienco which is not strictly useful 
but only beautiful is liable to be excluded You will not find Astronomy and 
Sound included in many scliool curiicula 

Cannot we ariive at some agreement as to the number and position of the 
windows of the mind which should be opened by a liberal education’ Does the 
syllabus of ^ny School lea\ iiig or Mitiiculation oi Previous Examimtion open 
any ' Greek opens a window to the mind which gets as far as being able to read 
Homer and Plato without a cub ind with only occasional use of the diction iiy 
Physics opens a window when wave motion in all its forms begins to be realised , 
the construction ol a theimometei or an electroscope leaves the window shut 
Mathematics must open many windows foi those who go fai enough, but the 
tendency of the average non mathematical boy is to legaid it as a dark and dusty 
subway with no windows at all How fai must one go to come to a window ' 
The question may be asked in connection w ith any study , and it might bo set as 
a pioblem for tne Recorder of each Section ot this Association to assess the 
minimum of attainment which will enable the average member to follow with* 
intelligent appreciation the woik of that Section 

(A general discussion followed, in which Mi J Saxton, Mi M P Hanson, 
Mr G Blancih, and Mi W Jamieson took pait ) 


3 On some New Motor Tests of Intelhgence By H Walker 


TUESDU, AUGUST 18 

The following Papers were read — 

1 The London Trade Schools By 0 W Kimmins, ill 4 , D Sc 

In order to place the subject of trade schools in its appropriate setting it is 
necessary to know something of the London County Council’s elaborate scholar 
ship scheme, consisting of junior, intermediate, and senior scholarships, which 
makes ample provision for the very clever child from the elementary school to the 
secondary school and the University or higher technical school 

After thus making provision for the clever child the problem of problems 
becomes How can we prevent the boy and girl of normal intelligence from 
drifting into the ranks of unskilled laboui on leaving the elementary school at 
the age of fourteen’ In order to bridge over the serious gap between the ages 
of fourteen and seventeen the trade school has come into existence, and is 
destined in the future to play a very important part in London education It has 
been found that for the poor type of child it is, under present conditions, quite 
impossible to ensure two or three years’ continuous instruction after the age of 
fourteen unless some giant for maintenance is made which will recoup the 
parents for the loss they sustain by not letting their children enter unskilled 
employment The trade school scholarship for boys generally consists of free 
education and a maintenance grant of 6l for the first year and 15/ for the second 
and third years 
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The establishment of the trade school is, moreover, largely due to the changed 
conditions of modern industry and the total disappearance in some, and the gradual 
disappearance in others, of the apprenticeship system in many of the London 
industries Most of the trade scholarships for boys are awarded in engineering, 
silversmithmg and jewellery, book production, furniture and cabinet making, 
carriage building, photo engraving and photo process work> professional cookery, 
waiting, and wood carving, and for the different branches of the building trades 
In many other trades, such as tailoring and bakery and confectionery, definite 
trade instruction is given, but no scholarships are awarded for these subjects 
The net cost, apart from loan charges, in a boys’ trade school is about 167 to 217 
per head 

The scholarships awarded to girls are for trade dress making, laundry work, 
upholstery, ladies’ tailoring, waistcoat making, corset making, millinery, design 
ing and making of wholesale costumes, and photography As a rule, trade 
scholarships for girls are for a period of two years, with a maintenance grant of 
87 for the first year and 127 for the second year, in addition to free education 
The net cost in a trade school for girls is about 157 per girl 

In Older to ensure that trade scholarships are given only to children of 
parents who are unable to maintain their children at school without assistance, 
no candidate is eligible whose parents or guardians are in receipt of an income 
whioh exceeds 1607 a year from all sources 

In many ways the trade school has a distinct advantage over the old system of 
apprenticeship — 

(1) T(he supervision in a well equipped trade school is generally of a much 
moie efficient kind than even that of a well ordered workshop 

(2) Culture subjects are not neglected, and consequently the general education 
of the boys or girls is continued in a mannez suitable to the trade for which they 
are prepaiing 

(3) In the apprenticeship system there is a natuial tendency for the appien 
tice to become attached to some special department of the v\ork, to the serious 
neglect of others 

(4) In following out a definite curriculum undei a well ai ranged time table 
there is very little waste of time and the balance of theoretical and practical 
work IS properly maintained 

(6) The work of a trade school is generally governed by a consultati\e com 
mittee of experts who are to a large extent responsible for the education of the 
students being cairied on under the best trade conditions 

(6) The presence of trade experts with experience of teaching, who are 
always at hand in the trade school workshop and able to solve any difficulties 
which may arise, means an enormous saving of time as compared with the case of 
the appi entice who has to await the convenience of the foreman for the solution 
of difficulties 

A most impoitint element in the success of the tiado schools is the connec 
tioii of the school with the trade by means of expert consultative committees 
The most important of these are the consultative committees in (i) bookbinding, 
(ii) book production, (in) goldsmithing, silversmithmg, and jewellery, (iv) tailoi 
iiig, and (v) fuinisliing trades These committees are representative of the 
Masteis’ Associations, of the Workmen’s Associations, and of the Council Local 
consultative committees of experts have also been formed in the case of each 
ti ide 111 each of the girls’ schools 

In addition to the full time trade schools there are many polytechnics and 
technical schools in London working in conjunction with employers of labour in 
connection with the technical education of their employes Moreover, apart from 
full and part time day work admirable provision is made in all parts of London 
for evening classes in polytechnics and similar institutions in connection with the 
various trades The enthusiasm with which thousands of young artisans, after a 
long day’s work, will attend for theoretical and practical instruction in the 
scientific principles of their trades under skilled craftsmen is one of the mest 
pleasing features in London education 
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2 Commercial Schools By G T Moody, D Sc 


3 The Compulsory Education of Youth 
By Professor J J Findlay, Ph D , M A 

1 Up to the era of the Industrial Revolution ail races^ savage and civilised, 
held the youth of both sexes up to eighteen years of age in control and educated 
them (although only a few were kept at school) The introduction of the factory 
and of wholesale traffic has created a youthful proletariat, emancipated by earn 
ing wages from control either by the family, the Church, or the civic guild 

2 The consequent evil is accentuated (a) by the artificial conditions under 
which the period of childhood is passed in schools affording few experiences 
adequate to prepare for precocious emancipation, (6) physical conditions of city 
life, (c) opportunities tor cheap luxury presenting temptations to idleness and 
waste — the cinema peihaps the last word in this stoiy, {d) the enoimously 
increased demand for monotonous laboui which youth can undeitake even better 
than older people 

3 Remedies to be sought by noting how the youth in fumihcs of laigei 
means are nowadays educated — 

(a) Youth needs social expeiience, the funily and the feecoudaiy Schools 
togethei provide oppoitunities for corporate hfe appropriate to this peiiod of 
development The paiallel to this among the inoletariat is found in Lads’ Clubs, 
the Boy &cout movement, and similar organisations by institutional chuiches in 
the slums of large cities, but these cannot claim control ovei the youth With 
a selected few they piovide outlet foi the imagination and foster ideals 

(h) Youth needs instiuction Ihe becondaiy School foi the leisuied class, 
the Irade School for the aitizan class, need then counteipiit in plans foi partial 
instiuction duiing a few houis in each week compulsorily imposed on all, and 
taken during the day time This is most effective when associated with employ 
ment in commerce or manufacture, for youth profits by the discipline of hard 
work The Evening Continuation School has failed to leach the gieat mass of 
those who need instruction, but has pointed the way to a more comprehensive 
reform 

(() Youth needs vocational guidance and the peisonal inteiest of oldei folk 
The family and the school unite to supply this for the more fortunate classes 
Labour Bureaus and the like aie beginning to supply it for the proletariat 

4 The organisation needed must make united provision for these three needs 
It must be set in motion by the State, since the family and the trade have lost the 
compulsory authority which they formerly exercised, and the State alone can 
interfere on behalf of the youth with the vested interests of capital and labour 
The outcome will be seen in a new type of institution, and a new type of teachei, 
who will be the guide and friend of youth as well as a ‘ continuation * instructoi 
Examples are already to hand in the efforts made by a few large employers of 
adolescent labour in Europe and Ameiica the State as an employer of such 
labour has hitherto done little Reform will only be effective when the social 
conscience of the community is aroused in laige cities so as to support the 
Legislature in accepting the piinciple of partial control over wage earning youth 


4 Agricultural Education By A D Hall, F R S 

(A general discussion relating especially to Victorian experience followed, in 
which Mr F Tate, Mr Clabk, and Mr Hugh Pyb took part ) 


5 Moral Education By R Boyce Gibson 

1 Moral instruction has this distinctive characteristic, that it touches the 
interest on its practical side where the life of ideas is intimately one with the 
life of sentiment and will Its appeal is to the personal reason, and the ideas 
which it stimulates into activity become directive forces of the personal life 
Hence moral instiuction stands on a different platfoim from instruction in the 



TRANSACTIONS OP SECTION L 


627 


sciences The ideas we acquire concerning the stars do not modify or otherwise 
affect their movements They simply affect our knowledge of their movements 
But the ideas we acquire concerning our own behaviour may affect not only our 
knowledge of that behaviour but the behaviour itself 

2 The ideas awakened through moral instruction will tend to act themselves 
out, and in thus enacting themselves provide the natural opportunity for moral 
training Thus moral instruction and moral training are intimately connected as 
stages in the completed process of moral education 

3 Since the moral ideas emerge from the depths of the personal life, we shall 
find it hard on any vital definition of religion to sever moral ideis from their 
religious setting or moral from religious instruction In any case it seems mad 
vis ible to sever the two in advance in an artificial way Teaching that is scrupn 
lously ethical may if it reach deep enough become profoundly religious in its 
appeal whilst still remaining wholly non theological and non sectarian In our 
view the exclusion of the child's most natural treasury of morals, the Bible, 
from courses of moral instruction intended to promote the child’s good cannot be 
logically defended, though it may on lesser grounds be judged expedient 

4 In discussing the conditions of moral instruction it would conduce to 
clearness if interests were considered m the tollowing order (1) the child’s, 
(2) the teacher’s, (3) the interests of parents and churches No solution could, 
of course, be regarded as anything but provisional which did not satisfy all the 
essential interests involved 

6 Admitting the view of Professor Sadler that ‘ the question of moral educa 
tion is the heart of the modern educational problem,’ and that ‘ if this is 
neglected, education is a peril,’ the conclusion of the late International Inquiry 
dealing with moral instruction and training in schools, that in all public 
elementary schools at least one lesson a week should be devoted to moral instruc 
tion can hardly be considered extravagant 

6 The mam part to be played by philosophy in assisting moral education 
seems to lie (1) in the psychological investigation and analysis of the life and 
mentality of childhood, (2) in the discussion of the problems and requirements 
of social ethics, (3) m the organising of a Weltanschauung m the light of which 
educational ideals in geneial and those of moral education in particular may be 
brought into helpful relations to each other and to the rest of life 

(A discussion followed, in which Dr H B Gray and Dr A Lei-ppr took 
part ) 


G The Teaching of Botany By Miss L J Clvrke 


7 The Teaching of Domestic Subjects in Primary Schools 
By Mrs 0 M Meredith 

The inclusion of any subject m the primary school curriculum needs careful 
justification because of the limited time available Each subject must either be 
useful in the cense that it is to be of &ervice later on, or educational, or both 
The domestic subjects are generally regarded as both , but they would probably 
not be selected on educational grounds alone Hence it is important to reilise 
exactly what useful result is ai rived at and to base the teaching upon this 
This aim may be best described as preparation for the more intelligent manage 
ment of a home, and the teaching should therefore not occupy too much time to 
the neglect of general education, nor should it be isolated from other subjects 
which, e q , provide for amusement ind the occupation of leisure Finally, 
‘ housecraft * should be the subject, to which cooking, sewing, &c , are sub 
ordinate 

The main diflSiculties in teaching housecraft are (a) that the conditions m 
school are often too unlike those in the girl’s future home Something is now 
being done to avoid this, but a complete solution is impossible as long as slum 
conditions still prevail in many working class homes 

(6) That the child has no adequate motive for her work This is more 

s s 2 
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important than {a), and more difficult to meet, but the following motives can be 
appealed to — 

(1) The play motive, which is at present only made use of in young children 

(2) The desire to * help ’ and to do ‘ real work * 

(3) The love of simplified or primitive life 

We want to arouse something of the boy scout attitude, which includes a 
little of all the above motives 

(A discussion followed, in which Mrs Allen and Mrs Mountain took part ) 


WEDNESDAY, AUGUST 19 

ihe following Papers were read — 

1 The Training of the Teacher By Di John Smyth 

This paper specially emphasised — 

(1) (flr) The value of giving young teachers the light ideal, {b) The steps 
in the art of teaching, (c) The value of experimental work and especially of 
experimental schools both in the training of the teacher and in the development 
of all teachers 

(2) It IS well that a student before beginning systematic professional training 
should — (a) have spent six months oi a year in the observation and practice ot 
teaching so as to become acquainted with its problems and difficulties, {b) ha^e 
completed his course of academic training 

(3) It IS well for all thiee classes of student teachers Kindergarten, Piimaiy, 
Secondary, to be tiained at the same institution, or, if this be not possible, to 
learn something of one another’s work A special couise of training should bo 
given to intending Rural School teachers 

(4) The training of the teacher nat irally divides into three related parts — 
The Ideal, Culture and Knowledge, Protessional Training The Ideal may bo 
shortly defined as the spiritual vision of the part to be played by the school in 
the upbuilding of national life It is moie important than knowledge, and in 
some ways more important than professional skill It begets enthusiasnj, 
awakens sympathy with children, and becomes the parent of many virtues 
Culture 13 more valuable than knowledge, as it means at least the kindling of 
love and appreciation and may mean much more 

(6) The Professional Training of the teacher divides itself into three parts — 
(a) the lectures on the philosophy, history, administration, principles, and 
methods of education, (b) the observation of and efforts at acquiring skill in 
teaching, (c) the use of experimental work The first of these may be passed 
over at present 

(6) With reference to the acquirement of skill the problem for our time is 
to reduce it by scientific investigation into a senes of gradations, and to analyse 
the whole process into its elements It will be found that these steps will vary 
somewhat for each type of student and will be different according as the age 
IS The elements combining in the perfected result will be the same, and 
ultimately have all to be mastered, but they may be gained in different ways 
Students should be divided into types or classes according to their degree of con 
fidence, their sympathy with children, and their connectedness of thought and 
speech Modifications as to the length of time spent on observation and the mode 
of attack will depend on the grade of teaching for which preparation is being 
made and on the academic training completed 

(7) The Art of Teaching may be analysed into — Confidence, planning a 
lesson, connectedness of thought and speech, sympathy with children, use of 
illustration, eye and ear power, questioning, disciplinary power The first 
three are necessary from the beginning, but each of the others need not be con 
sciously cultivated till the preceding ones have been more or less acquired The 
development of power in each should continue to grow consciously step by step 
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till ultimately all combine in enabling the teacher at every moment to place him 
self alongside the conscious effort of each individual child and to be fertile in 
resource to help him 

(8) Experimental work will be the basis and crown of future training By 
his laboratory work the student will get a new view of psychology and child 
study, and from the experimental schools he will see new vistas of productive 
effort and inquiry in method, curricula, correlation, &c It will compel him 
to be a better teacher, for only the skilful and sympathetic can investigate the 
recesses of the child mind 

(9) Experimentdl schools in connection with Teachers* Colleges are as neces 
sary for Education Departments and for all teachers as for the students They 
will set new views of the teaching art before teachers and re awaken zeal and 
enthusiasm in many They will be able to demonstrate what correlations can 
be made, what curricula may be taught, and what methods should be followed 
They will substitute scientific certainty for dogmatic opinion or scattered 
observations, and will give the Teaching Art a new status in the community 

2 On *he General Aims of Training 
B y Professor J J Findlay, Ph D 


3 On the Possibility of Analysing the Process of Teaching with a View 
to Simplifying the Approach to the Problem of Training 
By Professor J A Grfen, M A 


Sydney 

FRIDAY, 4UGVST 21 

After the President had delivered his Addiess (see p 592) the following 
Papers were read — 

1 Training of Teachers in New South Wales 
By Piofessoi A Mackie, M A 

Prioi to 1906 tiainmg for teaching was by means of apprenticeship Boys 
uid girls after the completion of the primary couise were apprenticed as pupil 
teachers for a peiiod of four years On the completion of apprenticeship a 
small number passed into one oi other of the two training colleges The 
majority, however, were appointed without further training as assistants in 
State schools, and thereafter rose to the higher positions partly by length of 
service, expeiience, and competency, and paitly by sitting for the teachers* 
examination In the training colleges the course was shoit — after one year of 
training the students passed out as trained teacheis and took their place as 
assistants 

Glowing dissatisfaction with this method of pioviding a supply of teachers 
was felt for reasons similar to those opeiating in England and Scotland about 
the same time General dissatisfaction with the school oiganisations led to a 
commission being sent to Europe The repoit of this commission was the 
immediate cause of the re organisation of the educational system which has 
been pioceeding ever since Further, a syllabus of primary instruction prepared 
by Mr Board when he became Under Secretary in 1905 made it clear that a 
higher standard of qualification was necessary for teachers 

Guiding principles determining the reshaping of the course of training for 
teachers were — 

(n) The abolition of appienticeship oi the pupil teachei system 

(b) College tiaining for all teachers to be employed in the State sei\ice 

(c) Longei couises of tinning than had hitheito been customaiy 
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Since 1906 progress has been steady towards the realisation of these aims 
in spite of the very great difficulties m staffing schools in a rapidly developing 
and widely scattered community there has been no reversion to the policy of 
employing wholly untrained persons or persons who have picked up their know 
ledge and skill by means of apprenticeship only 

The Development of Teachers' College 

In 1905 the two colleges were abolished A single non residential college 
for men and women was established in temporary quarters 

Up till 1913 a special entrance examination was held for admission to the 
college, and since 1910 candidates who had passed the University Matriculation 
Examination were admitted without further examination 

At first the student body was almost wholly composed of those who had 
passed through a period of apprenticeship, and, in consequence, courses had to 
be adopted to suit the needs of ex pupil teachers But gradually the supply of 
pupil teachers became exhausted, and their place was taken by probationary 
students J'hese were boys and girls passing through a course of secondary 
training at a High School or District School During the last two years of 
this course these probationary students were in receipt of scholarships given to 
assist them m preparing for the work of teaching During the last two years 
of their probationary students* course the pupils received some instruction in 
teaching and some practice in giving lessons under the direction of the head 
master and mistress The Teachers* College also took a part in the supervision 
of their practice teaching during three months piior to entrance to college 

When the High School courses were reorganised it was decided that the 
supply of teachers should in future be drawn from those who had completed 
a four year course of secondary woik The entrance qualification is now the 
possession of a Leaving Certificate In 1914, a transition year, a considerable 
number were admitted on completion of the first thiee years of High School 
work 

The above change precludes the possibility of any preliminary training in 
teaching before admission The High School pupil who contemplates teaching 
as his future occupation is not distracted by having to begin his specific pio 
fessional training before his secondary course is completed 

The changes outlined above in the character of the student body have been 
leflected in changes made liom time to time in the college course 

The students to whom reference has been made are not sufficient in number 
to supply the requirements of the teaching service New South Wales has a 
scattered population, and this makes necessary a large number of one teacher 
schools Hence the supply of rural teachers is an urgent problem The reasons 
which make it impossible to staff such schools with teachers who have had a 
four year High School course followed by a college course of at least two 
years are paitly financial, paitly due to the character of rural school teaching, 
and the conditions of life in outlying settlements, and partly the result of the 
inadequacy of college accommodation at present 

In the past the rural schools weie staffed by persons who after i simple 
examination were placed in larger schools for a period of thiee months prac 
tice, and thereafter were sent to take sole charge of the small rural school 
This method was abandoned in 1909 In 1910 the college provided a couise 
of training, shorter and simpler than those already in operation, and intended 
to give a short period of training to the rural school teacher A short course 
of SIX months’ training was organised, and has since been continued Each year 
about 250 students are trained in this way for rural schools 

The college is organised to provide a variety of courses to meet the varied 
requirements of the State Department The courses at present in operation are 
as follows — 

A short course of six months prepares teachers for the small rural schools 
A one year course devoted solely to professional woik prepares graduates 
in Arts or Science for Primary or High School teaching A two year course 
prepares either for Infant or Primary teaching Third and fourth year courses 
allow of students completing degree courses at the University or taking up some 
special branch of work 
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The division of time between the two parts of the college training — the 
academic and the professional — varies according to the course The general 
tendency is to increase the amount of professional work as the college entrance 
standard rises But the shorter courses are more predominantly professional 
than the longer Further, the practice is adopted of putting the professional 
training towards the end of the longer courses 

Teaching Practice for all students in attendance is provided for in the 
Sydney schools A large number of schools are made use of in order that only 
a few may be attached to each school While engaged in practice teaching, each 
group of students is under direction of a member of the college staff who acts as 
supervisor of practice teaching 

Some years ago considerable opposition existed to the plan of tiaimng 
teachers without preliminary apprenticeship Experience does not seem to have 
justified the fears entertained No doubt the young teacher, like the young 
medical man, requires a period of practice to make him a competent practi 
tioner This is secured partly by requiring a f urly long period of continuous 
practice immediateljr antecedent to exit from college, and partly by the pro 
bationary period prior to issue of the teacher’s certificate of competence The 
evidence available goes to show that High School and college tiaming followed 
by a period of probation produces practitioners of at least good quality as did 
the apprenticeship system 

The immediate future development will consist in carrying into effect the 
principles already indicated The short course of training will be increased 
from SIX to twelve months A larger proportion of the students will enter 
after completing a sound secondary schooling The college courses will become 
still more professional in character 

Under the diiection of the college are two Demonstration Schools, the head 
teachers of which hold the position of lecturers in education on the college 
staff A small amount of experimental work is carried out in these schools, 
some of which has been published 

From time to time the college publishes monographs of educational interest 
These are miinly the woik of members of the college stiff The stimulus of 
such work is considerable, and efforts are made to allow those members of the 
stiff who undutako investigations the leisure necessny foi cirr>ing them out 

(A discussion followed, in which Piofessoi Findlay, Dr C W Ktmmins, 
and Professor J A Grffn took part ) 


2 Prohlnn^ and Methods in Rusmin Erpounental Pedagogics 
By Piofessoi A NrTscHAjEFr, Ph D 

There is no administrative unity in RubSian educition The Ministries of 
Wai, Commeice, Public Instruction, Agiiculture, and Benevolent Institutions 
all have educational responsibilities, and the Oithodox Church adds to the 
complicated list of administrative authorities This want of unity leads to 
difficulties m practice, e q , the transition fiom primary to secondaiy school is 
very difficult Public opinion moves in the direction of a single type of school 
of genei il education for all children 

The autociatic regime of niinisteis has led to miny ups and downs m 
educition, but the fact that repression in one Ministiy might be contem 
poi inoous with advance in anothei has had compensating effects In recent 
yens the Ministiy of Commerce has been paiticularly active in the encourage 
ment it has offered to piivate initiative and expeiiment in education 

Public educational movements began iii Russia under Catharine II , due 
largely to the influence of Comenius and Locke The first university in Russia 
(Moscow) was founded in 1755, and at first middle and lower schools were con 
trolled by university professors This ended with the establishment of a 
Ministry of Education, and, under a rather barren oflftcialism, the schools 
became simply imitators of their Western neighbours 

Under Alexandei II new ideals came into being They were voiced by 
Ushinsky and Piiogoff, who uiged the establishment of Chdirs of Pedagogy in 
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the universities and the scientific study of children Then followed the period 
of reaction under Alexander III The Ministry of Education reduced all its 
schools to a formal type Individuality was repressed The system was 
vigorously attacked, and finally it was officially admitted that reform was 
necessary Active propaganda continues It has taken many forms, with only 
one of which it is possible to deal here — experimental pedagogics 

Contrary to Tolstoi and his claim for absolute freedom for the child, the 
psychological investigator thinks the child needs help in the process of learning 
to understand himself, and in order to render that help it is the teacher’s first 
duty to learn to understand the child as a phase in the process of the biological 
development of man 

In 1901 the first laboratory of experimental psychology was opened in 
Russia at the Pedagogical Museum of the Military Schools This has become 
the centre of scientific pedagogy in Russia Out of this institution have developed 
the Pedagogical Academy (1%7), and a Society of Experimental Pedagogics 
(1908), which conducts a four yeai course of study, and carries on aii experi 
mental school Professor Bechtereff founded in 1908 the Psycho Neurological 
Institute in St Petersburg, and Dr Rossolimo founded the Institute of 
Children’s Psychology and Neurology m Moscow Numerous congiesses ha\e 
been held, and 131 schools and societies have purchased a cabinet of simple 
psychological apparatus foi experimental purposes 

The chief problem under investigation during the last fifteen years has been 
concerned with the changes in the moral life of children as depending upon 
age, sex and educational environment Change*! in memory and association 
have been carefully studied The general results offer striking evidence in 
favour of co education The study of attention and liability to fatigue con 
firmed this result Suggestibilitv, the relation of amount of sleep to intensity of 
work and the like, have also been the subject of research 

Further, the specific quality of fatigue induced by special kinds of work 
have been studied with a view to discovering the best possible balance in the 
sequence of short exercises We ha\e also been engaged upon the problem 
of individual memory types in relation to economy in methods of teaching, and 
the possibility of improving the naturally weaker sides of individual memor> 
The ‘ natural ’ method of teaching foreign languages has been carefully in\ esti 
gated with a \iew to deteimining the lespectne place to be gi\en (ri) to the 
mother tongue and (6) to pictures m that work 

Lastly, we have been engaged in comparing the teachers judgments of 
children as * attentive,’ ‘interested,’ ‘progressing, with then perfoimances under 
stricter laboratory methods and conditions 

The work of Dr Rossolimo and Professoi Lazouisk> in chaiacterology should 
also be mentioned 

These lesearches ha^e all taken their use in the laboratoiv, passed thence 
to the school, and finally come back to the laboi itoiy again This triple 
piocess seems to us absolutely essential 

(Professor Andfrson followed, thanking Professor Netschatffp, on behalf 
ot the University, foi piesenting the Depaitment of Education with a complete 
set of his psychological ippiritus devised especially for educ itional in\estig ition ) 


S School Tratmnq for Public Life 
By the Rev H B Gray, D T) 

Educational methods and practice have been up to the last twenty five years 
empirical in England The science of pedagogy has only recently come on to the 
horizon and is still in its infancy Traditional subjects have occupied the atten 
tion of schoolmasters even on the highest rungs of the educational ladder, and 
have been accepted as the groundwork of educational faith, notwithstanding the 
conclusions of thinkers like Pestalozzi, Rousseau and Froebel abroad 

Education, which in Germany and the United States has long been welcomed 
as a great national asset has in these islands been regarded as little less than a 
bore The evolutionary theories of Darwin hive, however, gradually penetrated the 
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domain of pedagogy It has been discovered among other things that the body 
and mind are inseparably interconnected, and that the evolution of the child has 
as its prototype the evolution of the race, secondly, that the higher we go up 
the scale of creation, the more vast is the difference between the infant and the 
adult life, and that hence arises not onl^ the capacity but the necessity of 
education to man as distinguished from the lower animals This necessity begins 
from the cradlej onwards, and the training of childhood in the informal education 
of the home becomes infinitely important These theories, however, can only be 
touched upon in passing, as the special subject of the Paper is the school or 
formil training for public life 

Success and value in public life presuppose a well balanced and ordered educa 
tion Such an education can only be gained by a due balance bet\Aeen the study 
of the works of Nature and the works of man, between linguistic and literary 
subjects on the one hand, and mathematical and natural scientific subjects on the 
other The adolescent who has been trained in the one to the exclusion of the 
other emerges as a narrow man This pedagogic principle has been but slowly 
recognised in our ancient universities and historic public schools, which ha\e 
derived their curricula by long tradition from the ecclesiastical seminaries of four 
centuries ago, although the Humanists \\ere regarded originally as the foes of 
the Church The persistence of class interests and class prejudices in England 
has kept this tradition alive, long after a philosophic pedagogy recognised its 
inherent unwisdom 

A loi g lace of schoolmasters also, trained on the narrow ancient methods, has 
peipetuated the superstition, and has not yet by any means shaken off the 
tiammels Their want of intellectual equipment m other subjects has been a 
collateral drawback — and this notwithstanding calls, moie or less intelligent 
fiom the industrial classes, and from the more progressive ideals of othei 
nations 

The devotion to literary and linguistic to the exclusion and disparagement of 
scientific studies in the cunicula of our uni\ersities and schools cariies with it, to 
a certain extent, a justification, inasmuch as it is undoubtedly true that concen 
tration on the struggles and achievements of men iii the past confers on the 
aspirant to public life a greater power of evpiessing himself moie cleaily and 
forcibly, of impressing his vle\^s and convictions on other men On the other 
hand, his ignorance of the laws of Nature, ind want of practice in tracing fiom 
the laws and phenomena of the known to the laws and phenomena of the unknown 
have a tendency to gi\e him a narrow outlook on the social and political pro-blems 
with which he has to deal in governing and regulating the li\es and ameliorating 
the condition of his fellow men 

This becomes moie painfully apparent when he is brought into contact with 
the phenomena of a \ast and complicated Empiie and not merely of an iiisulai 
people It IS not suipiising, therefore, that the polity of oui statesmen and 
public men geneially has been lacking in (what ma^ be called) impeiial instinct 
and this lack of a wide horizon may constitute a leil danger to the future 
integrity and consolidation of the Empiie 

To descend then, from the general to the paiticular, the youthful aspii ant to 
public life ought to spend fu less time in the study of the two ancient 1 inguages 
which (until the past twenty fi\e yeais) occupied moie than three quaitcrs of the 
educational peiiods of the young among the go\eining classes He ought to 
devote not more than one quarter or one sixth of his student life to such sub 
jects Political and commercial geography, a thorough knowledge of one modern 
linguage, of English literatuie and European and English histoi>, ought to be 
part of his intellectual equipment Civics and political economy ought to be care 
fully studied, while on the scientific side he should be taught at least tlie 
elements of physics and chemistry and electiicitj, with a certain amount of 
general applied mathematics The connection between mind and hand in manual 
training should also be a part of each student’s equipment 

With regard to the social side of school life the great weakness, both in our 
schools and universities, has been a want of large outlook Both types of 
institutions are excellent training grounds for character in both the 
adolescent learns effectively the knowledge how to command and how to 
obey But the sympathy and camaraderie engendered have been confined 
to those of the boy’s own rank and position in life The republic in which he 
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IS trained instils strong local patriotism, which however, is intensive 
rather than extensive His angularities are rubbed off, and his power of 
command is well trained Hence he becomes, as a public man, if he attains 
to responsible positions in his island home, a sensible and just ruler 
within certain limits, but he perpetuates the prejudices of the class system 
For the same reason, when his functions call him to the outlying parts of the 
Empire, he becomes an excellent governor over uncivilised races and over subject 
peoples which, while not inferior to himself m civilisation, have been accustomed 
to domination through the centuries But in countries like Australia, New 
Zealand, and Canada he is often, at first at least, a comparative failure, through 
the causes already enumerated, t e , class prejudice, want of wide sympathy, an 
insular distaste for customs and habits with which he is not familiar, and a lack 
of manual training in early life In fact, the majority of English boys have, 
except in the narrow area of school sports, very little knowledge of the scientific 
connection between mind and hand Some improvement, however, in all these 
respects has been observable during the last ten years, but much more wide 
spread educational reform is required to mike our statesmen less insular and fit 
them for the government of their imperial estate It is indeed these deficiencies 
that our brethren Overseas, and those of us who have divided our lives between 
our Island Home and our wide flung Dominions, consider should be taken in 
hand and remedied in our schools and colleges if onr vast and complex Empire is 
to survive as an organic whole 

(A discussion followed, in which Professor Findlay, Professor H E 
Armstrong, and Professor I A Green took part ) 


TUESDAY, AUGUST 25 
1 he following Papers were read — 

1 The University and the Stale By Sir PT E EricHFL 

2 Ml P Board dealt with the same pioblem from the point of view 

of the State 


3 The Seliool and the University By VrofessoiJ A Grefn 

(Dr H B Gray and Professor A Mackip followed ) 


The following Paper was taken as read — 

4 Educational Pioneering {Queensland ) 

By J I) Story 

1 The difficulties which have to be overcome by the Queensland Education 
Department, in its effoits to give to each child the rudiments at least of a 
primary education, will be understood when it is realised that the State contains 
670,500 square miles , a total population of 656,224 , a primary school population 
between the ages of five and fifteen of 138,551 , individual ho-ldings of 
2,900 square miles each , and some places a journey of at least two weeks from 
the Departmental base The success of the Department in its efforts may be 
gauged from the fact that, according to the latest statistical returns of the 
Commonwealth, the percentage of Queensland children between the ages of five 
and fourteen who can read and write is no less than 92 69, while the percentage 
of children of the same age who cannot read is as low as 6 82 These figures 
it may be remarked are the best for any of the Australian States 

2 As auxiliaries to the ordinary full time schools, there is a system of travel 
ling teachers, Saturday schools, week end schools, part time schools, house to 
house schools, and railway construction camp schools The last named are par 
ticulirly necessaiy because of the rapid extension of railway facilities The 
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fetdte has already constructed 4,730 miles of railway at a total cost (including 
lolling stock) of slightly over 34,000,000? , which for the last financial year 
returned 31 8s 8c? per cent interest. Parliament has approved of an addi 
tional 1,406 miles on which work has not yet been begun, and there are 301 
miles in course of construction at present Many of the men employed in the 
construction have their families with them, and provision is made for the 
education of their children by means of tent schools, which can be readily trans 
ported from one camp to the next as the work progresses 

3 The travelling teacher system is designed to meet the educational needs of 
districts so sparsely populated, and with families so isolated, that at no one 
centre can a sufficient number of children be collected to warrant the establish 
ment of a school The system, which has proved a great success, was initiated 
m 1901, when one travelling teacher was appointed, there are at present 17, 
and from the beginning of 1916 the number will be increased to 20 This 
teacher must be a man of special qualifications, a knowledge of ‘ bushcraft * 
being indispensable, but the Department supplies him with a buggy, horses, 
and camp equipment, as well as allowing him the services of a lad to tend the 
horses and otherwise assist It is the duty of the travellmg teacher to ascertain 
what scattered families with children requiring education are resident in the 
district assigned to him, and to visit every such family at least four times a 
year He stays as long as possible at each visit, teaches the children, revises 
the woik set at the preceding visit, prescribes the new work to be attempted, 
and advises ind helps the member of the family — usually an elder sister — on 
whom devolves the duty of instructing the children during his absence A 
much appreciated feature in connection with the travelling teacher is that ho 
carries with him a stock of school library books for lending to children and 
parents, and of Departmental School Papers for distribution among his pupils, 
thus providing a supply of cheap and wholesome literature in the out of the way 
])laces to which his duties take him In the discharge of their duties during 
1913 the 17 travelling teachers covered a total distance of 60,438 miles, visited 
900 families, and instructed 1,884 children 

4 Secondary education in Queensland has always been welJ provided for, and 
secondary education is free to all who pass the qualifying examination , there is 
also a libeial system of sustenance allowances for the children of parents of 
modest means Scholarships to the University are also granted, and in addition 
to free tuition these scholarships carry sustenance allowances 

6 Compulsory attendance carries with it the obligation to safeguard the 
health of the children who attend, and, accordingly, a scheme of medical and 
dental inspection — aiming at the practically useful rather than the scientifically 
exhaustive — has been evolved The Department has two full time and four pait 
time medical officers, one full time ophthalmic inspector, and three full time 
dental inspectors In addition, the State at large literally endows its hospitals, 
contributing two pounds for each pound locally subsciibed, with the result that 
there are 90 well equipped public hospitals , and at 28 of these the Department 
has arranged that, in return for a small annual payment, the hospital doctor 
shall attend to the children in his centre 

6 Queensland upholds the Commonwealth scheme of defence and is giving 
the movement warm support, male teacheis are being trained as cadet instruc 
tors, and female teacheis in charge of small schools are being given an appro 
priate course of instruction, so that they may tram their elder male pupils and 
geneially improve the physique of the children in their charge, ii respective of 
sex 

7 Queensland has many empty spaces to be filled by a yeoman population , 
the Education Department lecognises that paients will not go to places where 
their children cannot be educated, and that the Department must do its part in 
encouraging settlement by making education available in every possible way, so 
that the vision may be realised of a Queensland fully occupied by a contented 
and happy people, a Queensland foiming i strong outpost of the Empire, con 
tributing to her prosperity m times of prospeiity and ready to answer her call 
in the hour of her need 
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Section M — AGEIOULTUEE 
President of hie Section — A D Hall, M A , FES 


The President delivered the following Address at Adelaide on Wednesday, 
August 12 — 

The President of a Section of the Biitish Association has two veiy distinct 
precedents befoie him for his Address ^ he can eithei set about a general review 
of the whole subject to which his Section is devoted oi he can give an account 
of one of his own investigations which he judges to be of wider interest and 
application than usual The special circumstances of this Yneeting in Australia 
have suggested to me another couise 1 have tiled to find a topic which under 
one or other of its aspects may be equally interesting both to my colleagues 
from England and to my audience who aie farming heie in this great 
Continent My subject will be the winning of new land for agriculture, the 
bringing into cultivation of land that has hitheito been left to run to waste 
because it was regarded as unprofitable to farm To some extent, of course, 
this may be regarded as the noimal piocess by which new countries are 
settled, the Bush is cleared and the plough follows, or under other con 
ditions the rough native heibage gives way to pastuie under the oiganised 
grazing of sheep or cattle I wish, however, to deal exclusively with what aio 
commonly termed the bad lands, inasmuch as in many paits of the woild, 
though recently settled, agriculture is being forced to attack these bad lands 
because the supply of natural faiming land is running shoit In a new 
country farming begins on the naturally fertile soils that only require a mini 
mum of cultivation to yield piofitable ciops, and the new comers wander 
further afield in order to find land which will in the light of their former 
experience be good Before long the supply is exhausted, the second class land 
13 then taken up until the stage is reached of experimentation upon soils that 
lequire some special tieatment oi novel form of agiiculture before they can be 
utilised at all Perhaps North Ameiica iffoids the clearest illustration its 
gieat agiicultural development came with the opening up of the prairies of the 
Middle West, where the soil rich m the accumulated fertility of past cycles 
of vegetation was both easy to work and grateful for exploitation But with 
the growth of population and the continued demand for land no soils of that 
class have been available for the last generation or so, and latterlv we find 
the problem has been how to make use of the and lands, either by irrigation 
or by diy farming where the rainfall can still be made adequate for partial 
cropping, or, further, how to convert the soils that are absolutely poisoned 
by alkali salts into something capable of growing a crop You yourselves 
will supply better than I can the Australian parallels, at any rate we in 
England read that the wheat belt is now being extended into districts where 
the low rainfall had hitherto been thought to preclude any systematic cropping 
Now, the fact that the supply of naturilly fertile land is not unlimited 
reacts in its turn upon the old countries During the ’eighties and ’nineties 
of the last century the opening up of such vast wheat aieas in America, 
Argentina, Australia, and the development of the overseas trade reduced 
prices m Europe to such an extent that in Great Biitain, wheie the full extent 
of the competition was cxptiienccd, the extension of agiicultuie came to 



PRESIDENTIAL ADDRESS 


637 


an end despite the continued increase of population The area of land under 
cultivation has declined but little despite the growth of the towns, but the 
process of taking in the waste lands stopped and much of the land already 
farmed fell back from arable to cheaper pasture But as soon as production 
in the newer countries failed to keep pace with the growth of population 
prices began to rise again, and we are now in the old world endeavouring to 
make productive the land that has hitherto been of little seivice except for 
sport and the roughest of grazing Even the most densely populated European 
countries contain great areas of uncultivated land , within fifty miles of 
London blocks of a thousand acies of waste may be found, and Holland and 
Belgium, perhaps the most intensively cultivated of all Western countries, possess 
immense districts that are little more than desert Of the European countries, 
Germany has taken the lead in endeavouring to bung into use this undeveloped 
capital, her population is rising rapidly and her fiscal policy has caused her to 
feel severely the recent increase m the prices of foodstuffs, which she has deter 
mined to relieve as fai as possible by extending the productivity of her own 
land It has been estimated that Germany possesses something approaching 
to ten million acres of uncultivated land and a Government department has 
been created to reclaim and colonise this area 

Before dealing with the piocesses by which the rough places of the eaith 
aie to be made stiaight theie is one general question that deseives considers 
tion — Is it more feasible to increase the production of a given countiv by 
enlarging the area under cultivation or by improving the methods of the 
existing cultivators’ There is without doubt plenty of room for the lattti 
process even in the most highly farmed countiies in England the a\erage 
yield of wheat is about 32 bushels per acre — a good farmer expects 40, the 
iverage yield of mangolds, a crop moie dependent upon cultuation, is as low 
IS 20 tons per acre when twice as much will not be out of the way with good 
farming A large propoition of the model ate land in England is kept in the 
state of poor glass — even as grass its production might be doubled bv suitable 
manuring and careful management, while under the plough its pioduction of 
cattle food might easily be tiebled oi quadrupled Why, then, trouble about 
adding to the area of indiffcient land when so much of what has already been 
ledaimed, upon which the fust capital outlay of dealing, fencing, roadmaking 
&c , has been accomplished, is not doing its duty’ We aie at once confronted 
by the human factoi in the problem The existing educational agencies which 
will ha\e to bung about better farming will only slowly become effectne, 
and however impeilect they still may be in England, they aie mainly so because 
of the lack of response upon the part of the farmeis Ihe piesent occupiers of 
the land do obtain in many cases a veiy inadequate return from it, but they 
make some soit of a living and they hold it up against others who, though 
they want land, cannot be guaianteed to use it any better Impioaed 
farming means more enterprise, more knowledge, often more capital, and the 
man who can bung these to the business is fai rarer than the man who, given 
a piece of land even of the poorest quality, will knock a living out of it by 
sheer hard work and doggedness While, then, there should be no slackening 
in our efforts to improve the quality of the management of existing land, theio 
IS a case for also using every effoit to increase the cultivable area, indeed, it 
IS probable that for some time to come the second piocess will add most to 
both the agricultural production and the agiicultural population 

Let us now consider what aie the factoi s which deteimine the fertility of 
the land that is first brought into cultivation and remains the backbone of 
faiming in the old settled countries Foremost comes rainfall, and the distil 
bution IS almost as impoitant as the amount Winter lain is more valuable 
than summer, and though cereal growing is none the worse and may even 
obtain better results with a rainless summer, stock raising and the production 
of foddei crops aie the better for a rainfall that is distiibuted fairly evenly 
throughout the jear Rainfall, again, must bear some relation to temperature, 
some of the best farming in the Eastern Counties of England is done on an 
average rainfall of 20 inches, there are great areas in South Africa with the 
same average rainfall that aie little bettei than deset t In temperate regions 
we may say that the naturally fertile land lequires a lainfall of from ^ to 
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60 inches per annum^ not too much segregated into seasons and some at least 
falling in the winter 

If the rainfall is excessive or the drainage inadequate to carry it ofE, the 
formation of peat is induced^ resulting in such uncultivated areas as the 
bogs of Ireland and the moors of Eastern England, Holland, and Germany 

Given suitable rainfall and temperature the texture of the soil becomes a 
factor of importance , if too coarse and sandy, so little of the rainfall is retained 
that we get all the effects of drought secondaiily produced In itself the 
open texture of a coaise sandy soil is favourable to plant development, under 
irrigation, or where the situation is such as to result in permanent water a 
short distance below the surface, fine crops will be produced on sandy soils that 
would remain almost barren if they only depended upon the rainfall for their 
water In Western Europe large areas of heaths and waste land owe then 
character to the coarse and open texture of the soil At the opposite extreme 
we find clays so heavy that then cultivation is unprofitable, such soils, how 
ever, will carry grass and are rarelv left unoccupied For example, in the 
South East of England there are a few commons, t e , land which has nevei 
been regai:iied as worth enclosing and bringing into particular ownership, 
situated on heavy clay land , most of such land is pasture, often of the poorest, 
or, if at any elevation, has been covered with forest fiom time immemorial 

One last factor in the soil is of the utmost importance to fertility and that 
is the presence of lime — of calcium carbonate, to be more accurate — in quantities 
sufficient to maintain the soil in a neutral condition Old as is the knowledge 
that lime is of value to the soil, we are only now beginning to realise, as 
investigation into the minute oiganisms of the soil proceeds, how fundamental 
IS the presence of lime to fertihty A survey of the farming of England or 
Western Europe will show that all the natur illy rich soils are either definitely 
calcareous or contain sufficient calcium carbonate to maintain them in a neutral 
condition even after many centuries of cultivation Examples aie not lacking 
where the supply of calcium carbonate by human agency has been the factoi 
m bunging and keeping land in cultivation I have discussed one such case 
on the Rothamsted estate and several otheis have come under my notice 
The amelioration of non calcareous soils by treatment with chalk or marl from 
some adiacent source has been a traditional usage in England and the North 
of France Pliny reports it as prevailing in Gaul and Britain in his day, and 
the farmer of to day often owes the value of his land to his unknown prede 
cessors who continuously chalked or marled the land Upon the presence of 
carbonate of lime depends the type of biological reaction that will go on in 
the soil, the beneficial bacterial processes that prepare the food for plants 
only take place in a medium with a neutral reaction The Rothamsted soils 
have provided two leading cases I have shown that the accumulation of 
fertility in grass land left to itself and neither grazed nor mown, so that 
virgin conditions were being re established, was due to the action of the 
organism called Azotobacter, which fixes free nitrogen from the atmosphere, 
and was indirectly determined by the presence of calcium carbonate in the 
soil, without which the Azotobacter cannot function Examination of typical 
examples of black soils from all parts of the world, the piaines of North 
America, the steppes of Russia and the Argentine, New Zealand and Indian 
soils, showed in all of them the Azotobacter organism and a working pro 
portion of carbonate of lime Now, as we know, all virgin soils are not rich, 
and only in a few parts of the world are to be found those wonderful black 
soils that ere often several feet in depth and contain 10 to 20 per cent of 
organic matter and 3 to 5 parts per thousand of nitrogen These soils are all 
calcareous, they occur in regions of a moderate rainfall inducing grass steppe 
or bush conditions, and the annual fall of vegetation provides the organic 
matter which the Azotobacter requires as a source of energy in order to fix 
nitrogen Non calcareous soils under similar climatic conditions do not ac 
cumulate nitrogen and become rich, in the absence of carbonate of lime 
the nitrogen fixing organisms are not active, and the soil only receives from the 
annual fall ot vegetation the mtiogen that was originally taken from it There 
IS but a cyclic movement of nitrogen from the soil to the plant and back 
again, whereas in the calcareous soils there is also continuous addition of fresh 
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nitrogen derived from the atmosphere^ m which process the carbonaceous part 
of the annual ciop supplies the motive power 

The other leading case to be found at Rothamsted is that of certain grass 
plots which have artificially been brought into an acid condition by the 
continued application of sulphate of ammonia In these soils nitrification is 
suspended, the nitrification organisms have even disappeared, though the 
herbage still obtains nitrogen because most plants are able to utilise ammoniacal 
nitrogen as well as nitrates The interesting feature, however, is that the 
decaying grass on these acid soils passes into the form of peat, a layer of 
which IS forming upon the surface of the soil, though nothing of the kind is 
found on adjacent plots where the use of lime or of alkaline manures has 
pi evented the development of acidity From this we may learn that the 
development of a suiface layer of peat, independent of waterlogging (when 
another kind of peat forms even under aJkalme conditions), is determined by 
the acidity of the soil, when certain of the bacterial processes of decay are 
replaced by changes due to micro fungi which do not carry the breaking down 
of organic matter to the destructive stage This afioids us a clue 
to the origin of many areas of upland peat in the British Isles, where the 
lemains of ancient forest roots and stumps of trees are found on the 
tiue soil surface below the layer of peat, but where there is no water 
logging to bring ibout the death of the trees and the formation of peat We 
may suppose that when the land surface became fit for vegetation at the 
close of the glacial epoch it covered itself with a normal vegetation, chiefly 
dw Ilf lonst, because of the rainfall and tempeiatuie The soil, howevei, 
being without carbonate of lime, would in time become acid with the pio 
ducts of decay of the vegetable matter falling to the ground, and as soon 
as this acid condition was set up peat would begin to form from the grassy 
surface vegetation The process would continue until the acid conditions 
and the depth of the accumulating layei of peat would kill the trees, the 
stumps of which would remain sealed up below the peat I am far from 
thinking that this explanation is complete, but at least we have facts in 
sight which could lead one to suppose that a non calcaieous soil originally 
neutral and carrying a normal vegetation can naturally become acid, alter 
the character of its vegetation and clothe itself with a layer of peat The 
point of economic importance is that these peaty acid soils aie of very littJe 
value as long as they are acid, though they talie on a quite diffeient aspect it 
they are limed and made neutial 

Of all the soil factors making foi feitility I should put lime the fiist, upon 
its presence depend both the processes which produce available plant food in 
quantities adequate for crop production at a high level and those which naturally 
legeneiate and maintain the lesouices of the soil, it is, moi cover, the factor 
which is most easilv under the control of the agriculturist 

I need say little about those cases in which infeitility is due to the 
uiesence in the soil of some substance which is actually injurious to plant 
growth, because such substances aie nearly always due to the physical environ- 
ment of the soil, to too much or too little water In waterlogged situations 
we may find in the soil peaty acids, iron salts, sulphides, &c , inhibiting the 
giowth of plants, in and regions the soil may still be charged with an excess 
of soluble compounds of the alkalis and alkaline earths, resulting fiom the 
decomposition of the rocks that have been broken down to foim the soil, but 
which through the inadequate rainfall have never been washed out The 
establishment of normal conditions of growth, iriigation in the one case, 
drainage in the other, will speedily lesult in the lemoval of the deleteiious 
substances Practically, only bodies that are soluble can get into a plant to 
injure it, hence such bodies can be removed from the soil by water, provided 
that the water can find its way through the soil and escape 

Let us now consider the various methods by which land suffering from 
one or other of the disabilities we have just discussed is nowadays being brought 
into cultivation The most important, if we consider the area affected, is the 
extension of cropping into regions of deficient rainfall by means of what has 
been termed dry farming As far as its immediate methods go, dry farming 
consists in nothing more than the application of the principles of husbandry 
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worked out by English fanners m the East and South East of England, pi in 
ciples first expounded by Jethro Tull, though a complete explanation was not 
then possible, even if it is now In the first place, the tilth must be made both 
deep and fine, thus whatever lain falls will be absorbed and the conditions 
favouring a deep and full root range will have been established Next, the 
soil below the surface, though finely worked, must be compact, because only 
thus can the water present tiavel to the roots of the plant Lastly, a loose 
layer must be maintained on the surface, which, though dry itself, acts as a 
scieen and a baiiier to pi event loss of watei fiom the effective soil below by 
any othei channel than that of the plant Granted these methods of cultiva 
tion, the new feature about ‘ dry farming,* which has been introduced by 
settlers in the and districts of Australia and Noith America, is the use of 
a year of bare fallow in which to accumulate a supply of water for the next 
yeai’s or two years’ crop This laiscs the fundamental question of how much 
water is necessary for the giowth ot an oidmaiy ciop The fiist investigation 
that Lawes and Gilbert earned out at Rothanisted dealt with this veiy point, 
they giew the usual field ciops in pots, protected the surface of the soil from 
evaporation so that all the loss of watei pioceeded thiough the plant, weighed 
the watei that was supplied from time to time, and finally weighed the pro 
duce, expressing their results as a ratio between the diy mattei produced 
and the water transpired by the plant These expeiiments have been lepeated 
undei different climatic conditions by Helliiegel in Heidelbeig, by Wollny in 
Vienna, by King and others in Ameiica Now the two processes in the 
plant, carbon assimilation and transpiration, are not causally connected, though 
as both are carried out in the leaf and have some factors in common they are 
found to show some constancy in then relative magnitudes Lawes and 

G libel t obtained a ratio of about 300 lbs of watei tianspired for each pound 
of dry matter harvested, but the other investigators under moie and conditions 
found much higher figures, up to 500 and even 700 to 1 Now, a crop yielding 
20 bushels of wheat per acre will contain about a ton of diy matter pei acie, 
so that, taking the high ratio of 500 to 1, no more than 500 tons of water per 
acre oi 5 inches of rain will have been consumed in the production of this 
Cl op It IS, of course, impossible to ensure that all the lain falling within a 

yeai shall be saved for the crop , much must evaporate before it reaches the 
subsoil where it can be stored, and only when the crop is in full possession of 
the land can we expect that all the water leaving the soil shall go through 
the crop What propoition the waste bears to that which is utilised will depend 
not only on the degiee of cultivation but upon the season at which the fall 
occurs, summer showeis, foi example, that do not penetiate more than a tew 
inches below the suiface will be dissipated without any useful effect When 
the climatic conditions result in piecipitation during the winter, the water will 
be m the mam available foi ciop production, and it has been found by expeii 
cnce that cereals can be profitably grown with as small a lainfall as 12 inches 
The necessary cultural opeiations consist in producing such a rough suifacc as 
will ensure the water getting into the subsoil, hence autumn ploughing is 
desuable Where the precipitation is largely in the form of snow, a bioken 
suiface also helps both to absoib the thawing snow and to pi event it being 
suept into the gullies and hollow places by the wind On some of the Russian 
steppes it has become customarv to leave a long stubble in oidei to entangle 
as much snow as possible, but piobablv a lough ploughing before the snowfall 
would be even moie effective When the lainfall drops to the region of 12 to 
16 inches and occurs during the summer months, then dry farming methods 
and the summer fallow become of the fiist importance The deep cultivation 
ensures that the water gets quickly down to the subsoil away fiom dangei 
of evaporation, and the immediate renewal of a loose surface tilth is essential 
in order to conserve what has thus been gained 

In connection with this dry farming there are several matters that 
still require investigation before we can decide what is the minimum rainfall 
on which cultivation can be profitable In the first place, we are only imper 
fectly informed as to the relation between rainfall and evapoiation At 
Rothamsted there are three dram gauges side by side, the soil layers being 
20, 40, and 60 inches deep respectively The surface is kept rough and free 
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fioni growth, though hardly in the condition of looseness that could be 
described as a soil mulch Yet the evaporation, even under a moist English 
atmosphere, amounts to one half of the annual rainfall, and the significant 
thing IS that the evaporation is approximately the same from all of the 
gauges and is independent of the depth of subsoil within which water is 
stored Evaporation, then, would seem to be determined by surface alone, but 
we aie without systematic experiments to show how variations in the surface 
induced by cultivation will alter the rate of evaporation A knowledge 
of the evaporation factor would then inform us of what proportion of the 
rainfall reaches the subsoil, we then want to know to what extent it can 
be recoveied and how fai it may sink beyond the leach of the crop It is 
commonly supposed that the subsoil below the actual lange of the roots of 
the ciop may still return water by capillarity to the highei levels that are 
being depleted, the deeper subsoil thus acting as a kind of regulating reservoir 
absorbing rain in times of excess and returning it when the need arises But 
some work of Leather’s in India and Alway’s on the great plains of North 
America throw doubt on this view, and would suggebt that only the layer 
traversed by roots, say, down to a depth of 6 feet, can supply water to the 
Cl op, the water movements fiom the deepei layeis due to capillarity being too 
slow to be of much effect in the maintenance of the plant The evidence on 
eithei bide is fai fiom being conclusive and moie expeiiment is very desiiable 

It would also be valuable to know how fai evaporation fiom the bare 
soil can be checked by suitable scieens oi hedges that will break the sweep 
of the wind across the land In England hedges have always been looked 
at from the point of view of shelter foi stock, we find them most developed 
in the glazing distiicts of the west, while bare open fields pievail in the east 
and south Yet the eiioimous value of a wind scieen to vegetation can be 
leadilv observed, and the maiket gaideneis both in England and the still 
dryer districts of the south of France make gieat use of them Lastly, we 
must have more knowledge about the i elation between transpiration watci and 
giowth we do not know if the high ratios wc have spoken of hold for all 
pi lilts Ktiophytic plants are supposed to be possessed of piotective devices 
to reduce loss ot witer Aie they meiely effective in presoiving the plant from 
destruction during the fierce insolation and drying it receives’ and do they 
en ible a plant to make moie growth on a given amount of watei ’ Wheat, for 
example, puts on its glaucous waxy bloom under dry conditions Is this ically 
accompanied by a lowei late of tianspiiation pei unit suiface of leaf’ and is it 
moie than defensive, connoting a bettei utilisation of the water the plant 
evaporates ' 

The cultivation of these soils with a minimum lainfall necessitates virieties 
of plants making a large ratio of diy matter to water transpired and also with 
a high latio between the useful and non useful paits ot the plant Mi 
Beaven has shown that the difference in the yields of various barlevs under 
similai conditions m England are due to differences in their migrition factors 
the same amount of diy matter is produced by all, but some will conveit 50 
per cent iiid others only 45 per cent into grain This migration latio, as 
may be seen by the relation between corn and stiaw on the plots at Rothamsted, 
is greatly affected by season, nevertheless Mr Beaven’s woik indicates that 
undei parallel conditions it is a congenital characteristic of the variety and 
therefore one that can be raised by the efforts of the plant breeder The needs 
of dry land farming call for special attention on the pait of the breeder to these 
two ratios of transpiration and migration 

Closely linked up with the problems of dry land farming are those which 
arise in and climates from the use of irrigation water on land which 
is either impregnated with alkaline salts to begin with or develops such a con 
dition after irrigation has been practised for some time The history of 
irrigation farming is full of disappointments due to the rise of salts from the 
subsoil and the subsequent sterility of the land, but the conditions are fully 
understood and there is no longer any excuse for the disasters which have 
overtaken the pioneers of irrigation in almost eveiy country Sterility may 
arise from two causes — overmuch water which bungs the water table so close 
to the surface that the plants’ roots may be asphyxiated, or the accumulation 
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by evaporation of the soluble salts in the surface layer until plants refuse to 
grow The annual cutting off of the cotton crop in Egypt as the watei table 
rises with the advance of the Nile flood affords a good example of asphyxiation^ 
but in the neighbourhood of irrigation canals we also find many examples of 
steiility due both to the high water table and an accompanying rise of salts 
The governing principle is that drainage must accompany irrigation Even 
if flee fiom salts at the outset the land must accumulate them by the mere 
evaporation of natural waters, and they will rise to the surface where they 
exert their worst effect upon vegetation, unless from time to time there is 
actual washing through the soil and removal of the water charged with salt 
V/ithout drainage the greater the quantity of water used the greater the 
eventual damage to the soil, for thereby the subsoil water table canying the 
salts IS lifted nearer to the surface With a propeily designed irrigation system 
the danger of salting ought not to occur, there are, however, many tiacts ot 
land where the supply of water is too limited to justify an expensive scheme 
of irrigation channels with corresponding drainage ditches at a lower level 
lake the case of a single farmer with some watei from an aitesian well at 
his disposal, with peihaps little rainfall, with land subject to alkali, and no 
considerable natural fall foi drainage If he merely grades the land and watei s 
it, sterility lapidly sets in, the only possibility appears to be to take a com 
paratively limited area and to cut out drainage ditches or tile diains 4 or 
5 feet below the surface, even if they have to be led into a meiely local 
hollow that can be abandoned to salt The bed thus established must then 
be watered at any cost until theie is a flow in the drains, after which the 
surface is immediately cultivated and the crop sown Theio should bo no 
further application of water until the crop covers the land^ the use of watci 
must be kept to a minimum, and by the ordinary methods of dry cultivation 
evaporation must be allowed only thiough the crop, not merely to save watei 
but to prevent any rise of salt With a loose surface and wind bieaks to 
minimise evaporation it has thus pioved possible to grow valuable crops even 
on dangerously alkaline land Supei phosphate and sulphate of ammonia have 
proved to be useful fertilisers under these conditions, both tend to pi event 
the reaction of the soil becoming alkaline, and the calcium salts of the supei 
phosphate minimise the injuiious effects of the sodium salts that naturally 
accumulate in the land On the other hand, nitiate ot soda is a dangerous 
feitiliser Attempts have been made to reduce the salts in the land by the 
growth of ceitain ciops which take up i Idigc pioportion of miner il mattei, 
but I have not been able to asceiiain that much good can be thus effected 
Sugar beet and mangolds do app eciably reduce the salt content, but aj e hardly 
valuable enough to pay foi such special cultivation and the limited irrigation 
water, the best thing appeals to be to grow saltbush on the non inigateJ 
margin of such areas, if only to pievent the effloiescent salts fiom blowing on 
to the cultivated portion 

Let us now turn to the problem of land reclamation as it occurs in Noith 
Western Europe There are two main types of land that have hitherto been kft 
waste, the peaty and the sandy areas Of the peaty areas we can distinguish 
again between the low lying moors bordering the lower courses of the gieat 
rivers , for example, in England neai the mouth of the Trent, and the upland peat 
bogs of which II eland furnishes so many examples They have these features 
m common — an excess of water, a deficiency of mineral salts, and, particulaily 
in the upland bogs, a stiongly acid reaction, but they possess great potential 
wealth in their richness in nitrogenous organic matter It is in Germany and 
Holland that the methods of bringing into cultivation these moors have been 
most completely worked out, in Germany, for example, it is estimated that 
there are about five million acres of moorland, of which about 10 per cent is 
now under cultivation The reclamation process must begin by drainage, which 
may be carried out by open ditches, but is most satisfactorily effected by pipes, 
despite the greater cost The water table must be kept some 3 feet below the 
surface In districts which afford a market for peat, as, for example, on the 
Teufelsmoor near Bremen, the reclamation often begins by cutting out the 
peat, the lower layer of firm peat being won, dried, and sold foi fuel The 
upper spongy peat can be used for litter, but some part at least must be thrown 
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back Where the burning peat is thus extracted the excavation is in places 
pushed further until the underlying sand is reached, and enough of this is 
dug to spread over the reclaimed area to a depth of 4 or 5 inches and 
mixed by cultivation with the spongy peat Even when the peat is not 
removed, pits are often made in order to sand the land, so great an improve 
ment does it effect in the character of the crops However, sanding is not 
possible everywhere, and there are great areas under culti\ation where the 
reclamation begins with drainage, followed by the cultivation of the immediate 
surface without either sanding or the removal of the burning peat, which indeed 
are impossible over laige areas, but are carried out by the owners of small 
farms little by little Special tools are required certain forms of disc ploughs 
and harrows give the best results , heavy tools for large scale cultivation by 
steam or electricity are furnished with broad roller like wheels , even the horses 
must wear broad wooden shoes 

The next stage is the manuring, and it has only been the development of 
the artificial fertiliser industry during the last half century that has rendered 
the cultivation of this type of land possible On the alluvial moors where the 
giound water has always been alkaline, the peat is rich in calcium and no tie it 
ment with lime and marl is necessary (the English fens afford an example of 
this type of soil), but on the true peat bogs (Hochmooi of Germany) the manur 
ing must begin with a good dressing of burnt lime, oi, better, of marl or giound 
chalk hor meadows and pastuies two tons per acie of lime, or twice as much 
of caibonate of lime, should be applied , the amounts may be halved for arable 
land This must be followed by about 5 to 8 cwt per acre of basic slag and an 
equal amount of kiinit, which applications should be renewed in the second 
year, but then diminished in accord with the ciopping However, some phos 
phone acid and potash salts must be continuously supplied, with occasional 
dressings of lime or chalk on the acid peaty aicas These litter iKo require 
in their eailier years nitiogcnous manuies, foi the peat is slow to yield up the 
nitrogen (t contains Ihe feitiliseis should be nitrate of soda or lime, never 
sulphate of ammonia The whole success of the reclamation depends on the 
use of these manures, as the peat in a state of natuie is almost devoid of both 
phosphoric acid and potash , on the acid peats, again, normal growth is only 
possible after a neutial reaction has been attained bv the use of lime oi marl 
With this manuring it is found to be easy to establish a good meadow herbage 
ill a very short space of time, it is not even necessary to get iid of the 
surface vegetation of Erica and other heath and bog plants The manure 
is put on and the surface is worked continuously with disc hanows and rollers, 
but never deeply, a seed mixture containing chiefly led, white, and Alsiki 
clovers, Lotus utiftnosu^, ryegrass, Timothy, and cocksfoot, is sown in the 
spring and soon succeeds in choking the native \cgetition 

It IS impossible to say what is the cost of the reclamation of moorland in 
this fashion , the big expense is the drainage and the constiuction of roads 
both of which are entirely determined by local conditions But of the value of 
the process when accomplished there can be no doubt I have seen a case quoted 
from the * Ostfriesische Zeitung,* where a piece of moor bought for 75Z was 
reclaimed and sold for 900? , and, best test of all, one ma^ see in places like the 
Teufelsmoor near Bremen, families living in comfort on thirty to forty acres 
of what was once merely wild moor with no pioductive value 

Of even greater interest in England is the reclamation of heath land, which 
has of late years been proceeding apace in Germanv In this category we miy 
include all land which owes its infertility to the coarse grade and low watei 
retaining power of the particles of which the soil is composed, the soil being 
at the same time as a rule devoid of carbonate of lime, and covered in conse 
quence with heather and similar calcifuge plants In England there exist 
extensive tracts of uncultivated land of this chaiacter m close proximity to the 
considerable populations, but the process of reclaiming such land for agriculture 
seems to have come to an abrupt conclusion somewhere about 1850, when the 
developing industries of the country began to offer so much greater returns for 
capital than agriculture That land of the kind can be cultivated with success 
IS evident from the mere fact that ever> where prosperous farms may be seen 
bordering the wastes, possessing soils that are essentially identical with those of 

1 T 2 
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the wa«ites These were brought under cultivation when labour was cheaper, 
often without cjakulation of the cost because the work was done piecemeal at 
times when the men would otherwise have been idle Were any strict account 
to be framed, the reclamation probably did not pay its way for many years, and 
it has only become possible a^gain because of modern advances in science and 
machinery As examples of the type of land, I may instance the Bagshot 
Sands on which, in north Surrey, in Berkshire and Hampshire, and again in its 
southern development in the New Forest, he so many thousands of acres of 
uncultivated heath No systematic reclamation has taken place, but every 
where farms have been carved out on this formation, often by the industry of 
squatters, and within reach of London the vast supplies of town manure which 
used to be available have converted some of it into fertile land The crystalli 
sation of common rights into charters for public playgrounds, its growing 
appreciation for residential purposes, will now always stand in the way of the 
utilisation of most of the Bagshot Sands for agriculture, but further afield there 
are many areaa of similar character The Lower Greensand is perhaps equally 
discounted by its residential value, but on the Tertiaries of Dorset, the Crag 
and Glacial Sands of Suffolk and Norfolk — the brak, the Bunter Beds of the 
Midlands^ lie many expanses of waste that are convertible into farming land, 
just as Lincoln Heath and much of the beautifully farmed land of Cheshire have 
been gained for agriculture within the past century Equally possible is an 
attack upon the sandy areas, warrens or links, behind the sand dunes on many 
parts of the English and especially the Welsh coasts, not all of them are 
wanted for golf, and many can be fitted for market gardening Of old the only 
way of dealing with such land was merely to clear it, burn the rubbish, and 
start upon the ordinary routine of cultivation, but for a long time on such a 
system the crops will hardly pay their way from year to year, and the permanent 
deficiencies of the soil in lime and mineral salts remain unrepaired In Cheshire 
the enormous value of marl and bones in such a connection was early recognised , 
it has been the later discovery of the potash salts that renders reclamation a 
commercial proposition to day The method that is now followed is to begin by 
clearing the land of shrubs, burning off the roughest of the vegetation, and 
turning over a shallow layer in the summer, leaving the heathery sod to the 
killing and disintegrating action of sun and frost until the following spring 
The manure is then put on — lime or ground chalk or marl as before, basic slag 
and kamit, and the sod is worked down to a rough seed bed on which lupins 
are sown, to be ploughed in when they reach their flowering stage The growth 
of the lupins makes the land, they supply humus to bind the sand together and 
retain moisture, they draw nitrogen from the atmosphere and with the 
phosphoric acid and potash form a complete manure for succeeding crops 
Sometimes a second crop of lupins is ploughed in, but usually the land is put 
immediately to an ordinary rotation of rye, oats, potatoes, and clover When 
the heath land is divided among small tenants m an unreclaimed state, cropping 
often begins without the lupins, the necessary nitrogen being imported by nitrate 
of soda, but for years the land shows inferior results Only the tenant can 
rarely afiord to lose the year the lupin crop involves, and so great is the demand 
for land in Germany that the State finds it preferable to let the tenant reclaim 
than to reclaim for him, and charge him as rent the cost of the more thorough 
process And now as to the finance of the operation the reclaiming down to the 
ploughing in of the lupin crop costs from U to 61 an acre, the bare heath costs 
from 61 to 71 an acre, the reclaimed land after a few years* cultivation would 
sell at 201 to 30Z an acre Meantime the Stafe has probably made a free grant 
for drainage, looking to get some interest back in increased taxation , the local 
authority has also made roads for which the increased rating due to a new 
agricultural community must be the only return It is a long sighted policy 
which will only find its full justification after many years, when the loans have 
all been paid off and the State has gained a well established addition to its 
agricultural land and its productive population In comparing English with 
German conditions there are certain differences to be taken into account — in the 
first place the work of reclamation will be dearer in England because of the 
higher price of labour, then the land will not be so valuable when won because 
the higher scale of prices for agricultural products enhances the price of land 
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in Germany Next, I doubt, m view of the great industrial demand for men 
in England, if we have the men available who will bring to the land the skill 
and power of drudgery that I saw being put into these German holdings of thirty 
to forty acres in their earlier years of low productivity Moreover, in 
Germany these heaths are generally bordered by forests, in which the small 
holder gets occupation for part of the year while his wife and children keep 
the farm goin*g For this, if for no other reason, afforestation and land 
reclamation and settlement should go on together But, despite these draw 
backs, I am still of opinion that the reclamation of such heath lands is a sound 
commercial venture in England, either for a landowner who is thinking of a 
future rather than of a present return on his capital, or for the State or other 
public body, wherever the waste land can be acquired for less than hi an acre 
The capitalised value of its present rental rarely approaches that figure, but the 
bai renest heath is apt to develop the potentialities of a gold mine when purchase 
by tho State comes in question The map of England is so written over in detail 
with boundaries and rights and prescriptions that the path of the would be 
reclaimer, who must work on a laige scale if he is to woik cheaply, can only 
be slow and devious There are other possibilities of winning agricultural land 
even in England, from the slob land and estuaries, from the clays nowadays too 
heavy for cultivation, but the problems they present are rather those of 
engineering than of agricultural science What I should like in conclusion once 
more to emphasise is, that the reclamation of heath and peat land of which I 
have been speaking — reclamation that in the past could only be imperfectly 
effected at a great and possibly unremunerative expense of human labour — has 
now become feasible through the applications of science, the knowledge of the 
functions of fertilisers, the industrial developments which have given us basic 
slag and potash salts, the knowledge of the fertility that can be gained by the 
growth of leguminous plants From beginning to end the process of reclamation 
of mooi and heath, as we see it in progress in North Western Europe, is stamped 
as the pioduct of science and investigation 


Mllbouknl 
FlilDiY, AUaUbV 14 
Vibtiibsioti on Dry iaininKj 

(i ) Vni Farnuny InveUujahonb in the Uniltd Stalts 
By Dr Lyman J Briggs — See Eepoitb, p 263 

(ii ) The Ten inch Line of Rainfall 
By Professor Thom\s Cherry, M D y M S 

The relative importance of Australia in regard to the future food supply of 
the world is influenced to a very marked degree by its average winter tempeia 
ture and the peculiar incidence of the rainfall throughout the southern third of 
the Continent In these regions the term * dry farming ’ has a different mean 
ing from that accepted in the Northern Hemisphere, on account of the fact that 
our rainfall is almost exclusively of the winter type, and that the winter tern 
peratures are high enough to keep the oidinary cereals growing steadily during 
these months Consequently, ^before the dry summer sets in the crops have 
reached a sufficient degree of maturity to complete their ripening before the soil 
has become too dry to arrest all further growth 

Graphs were shown illustrating typical ramfall records in the region of the 
winter rams in all the States of the Commonwealth except Queensland and the 
Northern Territory A brief comparison was made with the limited areas in 
other parts of the world which are similarly situated 

As a result of these conditions it may be said that in the southern parts of 
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the whole of Australia * dry farming * does not begin until the 15 inch line of 
rainfall is passed, because the winter and the total rainfalls are nearly identical 
The expel lenoe of the last fifteen years has shown — ^ 

(1) That with the assistance of small amounts of soluble phosphates profitable 
Cl ops may be grown on less than 10 inches of winter rainfall 

(2) Provided the land is fairly fertile rapid growth takes place in July and 
August, so that a considerable margin is available in autumn for early and late 
planting 

(3) The dry weather towards harvest time materially reduces the risk from 
all fungus diseases in cereals 

(4) Wherever wheat can be grown peas may also be grown if necessary as 
an alternate crop 

(5) Evaporation m winter is comparatively small, and consequently by fallow 
ing and other modern methods a payable crop is obtained on a lower rainfall 
than is the case in any other part of the world 

(6) The slight ground frosts which often occur in the winter nights appear to 
stimulate the growth of the cereals when followed by ten hours of bright sun 
shme 

(7) The chief problem which has now to be solved is to devise methods by 
which large numbers of sheep and cattle can be profitably kept on the wheat 
farms in the 10 inch rainfall regions 

(8) Lands originally coveied with scrub and producing very little glass have 
been proved to be very suitable for wheat With the gradual advances in the 
numbers of stock kept on these firms jpermanent agricultural settlement is 
likely to extend well beyond the 10 inch line of rainfall 

(ill ) The Sod-Moisture Problem in Western Australia 
By Professor John W Paterson, B Sc , Ph D 

The author said that a sufficient supply of soil moisture was, practically 
speaking, the paramount factor in crop production This was true m the rela 
lively moist climate of Great Britain, the fact was illustrated in an extreme 
degree in Australian agriculture Seasonal variations were less marked in 
Western Australia than in the Eastern States, and a graph was exhibited show 
ing the variations in wheat yields per acre of the various States since 1901 
The effects of drought weie not simply connected with the annual rainfall of 
a locality This was a popular fallacy, but when a crop suffered from drought 
the result was contributed to by quite a number of factors Among those he 
would mention — (1) the total annual rainfall, (2) its monthly distribution, 
(3) the rate of evaporation as from a free surface of water, (4) the effect of 
climate upon the transpiration ratio of the crop, (6) the amount of soluble salts 
in the soil, (6) the physical character of the soil, (7) the skill in cultivation 
of the f aimer, (8) the selection of drought resistant species and varieties of 
ciop plant In regard to annual rainfall, the South Western corner of the 
State averaged well over 30 inches, but on the Eastern fringe of the wheit 
belt wheat could be successfully grown with a 10 inch rainfall, but the gi eater 
part of the wheat area had an average of 14 to 20 inches To visitors these 
amounts would seem low The monthly distiibution, however, was highly 
advantageous, as from 70 to 80 per cent fell between an autumn seed time 
and harvest The third factor, viz , rate of evaporation, tended, however, 
against success, and data were quoted from the Commonwealth Weather Bureau 
showing that the annual loss by evaporation in the wheat belt ranges from 60 to 80 
inches of water, as against about 20 inches in the South of England In England 
therefore the annual evaporation would amount to about two thirds of the 
annual rainfall, while in the chief farming districts of Western Australia it 
was from four to six times greater than the rainfall Closely connected with 
this in some, but not all, of its contributing causes was the lower efficiency 
of water to the growing crop, as indicated by the amount required to produce 
a given weight of dry plant substance The transpiration latio was indeed 
less a function of the kind of crop (speaking of the common crops) than a 
function of the climate, and the author quoted from experiments he had carried 
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out showing that on land of moderate fertility a ratio of 600 to 700 would be 
requiied for the wheat areas This was roughly double the English ratio 
Again, as regards soluble salts, the drier areas commonly held a slightly highei 
percentage than British soils, and while in Western Australia ‘ alkali * rarely of 
itself caused infertility, his experience of alkali lands, which he had investigated 
for the Victorian Government, indicated that such salts increased the liability 
of crops wilting On consideration they would expect this Again, the physical 
character of the soil had an important effect, and the sandy character of much 
of the western lands gave it an advantage over the heavier soils in a dry season 
This was contradictory to his experience in the English Midlands with a 32 inch 
rainfall Fifteen inches of rain absorbed by the surface five feet of soil would 
add something less than 20 per cent of water calculated on the dry soil if it 
were absorbed without loss But the annual rainfall was spread over several 
months, and the fact seemed to be that with a 15 inch rainfall the sandy soil 
could hold all the ram which fell, and the greiter absorbent power of the 
clay soil was then of no advantage It was indeed a disadvantage, as the finci 
grained soil could not yield up so much of its absorbed water before wilting sot 
in, and in the drier seasons and districts the ‘ sand plain * gave superior results 
to the forest land In regard to cultivation methods, the author quoted figures 
fiom his experiments showing the large saving of soil moisture by early cultiva 
tion and maintaining a soil mulch The water sa\ed would usually equal fiom 
5 to 7 inches of ram m the surface five feet of soil In Western Australii good 
results fiom f illowmg were more easily obtained than m Victoria, where the 
more fiequent summer rains tended to cake the surface, rendering fresh woiking 
of the land necessary The water saved ehowed itself in the crop yields, and 
the results of a KclUrberrin farmer last season showing 17 bushels on sand plain 
f illowed, and 5 busihels on similar lind ploughed from stubble, could be regarded 
as typical under a 12 inch rainf ill The Biitish faimer did not sufficiently 
leilise the use of the soil mulch in protecting his winter ploughed linds from 
the drying winds of spring Lastly, as to the selection of drought lesistant 
plxnts, much had been done through acclimatisation, selection, and cross bleed 
ing, but a careful analysis of the vaiious factors which in wheat constituted 
diought resistance remained to be carried out before they could claim tint plint 
breeding for this object was placed on a scientific basis Under the dty con 
ditions of Australian wheat growing a safe yield rather than a hea\y "vi^ld was 
the primary consideration This necessitated the selection of early or middle 
early varieties, thin seeding, and in the greit majoiity of cases the non use of 
nitrogenous manures 

(iv ) The Capillarii Power of Soih By TTrBFR CiRrrN, D Sc 

The conventional mechanical analysis supplies data about the sizes of the pai ticlcs 
of the soil the information actually requited concerns the behaviour of the soil 
with respect to the movements of air and water theiein These latter aie dependent 
on the sizes and distribution of the free spaees between the particles and only 
indirectly on the sizes of the particles 

This suggests a direct measurement, if possible, of the factors determining these 
physical characters and conditions of the soil, and the magnitudes to be consideied 
are — 

S, the pore space, oxpiessed as a fraction of the total volume of tin soil , and 
d, the water content, similarly expressed 0/S is then the fractional sstiiiation 
of the soil 

Pa and Pw, the permeabilities to air and water Incidentally the ratio of tin so 
two gives us an indication of the amount of colloid il matter present in the soil and 
of its tendency to swell when wet 

K, the capillary power This taken with the previous factors gives a measure 
of the rate at which water will percolate from a wet to a dry region in the sod 

These factors (S, 6, P, and K) have been pieviously defined and’methods for 
their measurement described ^ ^ 

Of these S, B, and P are simple properties with obvious physical meanings, but 
K (the capillary power) is of a more complex character and may bo defined as the 

* Heber Green and G A Ampt, Jour Agr Sci , 1911, 4, p 1 



m 


TRANSACTIONS OP SECTION M, 


pull per unit area which the soil can exert on a layer of water in contact with it This 
capillary power will obviously depend on the water content of the soil , when ^/S=l, 
then K=0 , the maximum value of K being reached when ®/S=0, i e , when the 
soil IS dry 

The value of K between any given limits of fl/S becomes of practical importance, 
for under field conditions soils are rarely absolutely dry or completely saturated 

It 

Inches 



and the water movements with which we are most concerned are from relatively 
moist to relatively dry sections 

This capillary power is due to the surface tension effects produced by the attrac 
tion between the walls of these capillary pores and the water m the soil, and may 
be most conveniently studied by considering a vertical column of soil with its lowt r 
end placed just in contact with a free suiiaee of water It has previously® been 

® Loc at 
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shown that such a column of soil will behave (statistically speaking! as a bundle of 
capillary tubes, varying from a maximum radius depending on the size of the largest 
soil grains down to others extremely minute The water will rise in each capillary 
to a height inversely proportional to its radius, equilibrium being rapidly attained 
in the larger tubes , but, as the fnctional resistance vanes inversely as the fourth 
power of the radius, the rate of rise in the smallest tubes will steadily slacken but 
will not absolutely cease within any finite time 

This nse without limit is in conflict with the generally accepted opimoii, and 
Hilgard ® quotes a senes of expenments by Loughndge, in which the final heights 
recorded (after several months) are regarded as maxima for the soils concerned 
The rate of rise in his experiments may bo shown to be inversely proportional to the 
time , 1 e , dhjdt^klt or A=A-1-B log t From the examples illustrated in the graph 
in the accompanying diagram it is clear that any apparent limit to h within a reasonable 
time or variation from a linear function can only be due to imtial disturbances or 
other accidental errors 

With a view to a further and more accurate investigation the author has arranged 
a laboratory draught cupboard so that it can be maintained at a constant temperature 
for several months at a time 

Expenments have been carried out on the rate of nse of water in soils of different 
types , and the dependence of K (the capillary power) on S and d/S and on the sizes 
of the soil grams has been investigated 

(v ) Flax as a Paying Crop By G P Ogilvie 

Flax destined for fibre has to be cultivated on different lines from that of 
flax seed or linseed (as it is usually called) Should seed be required, flax is 
sown thinly, about a bushel and a half per acre — by planting thinly the stem has 
a chance to branch out and flower 

If fibie IS the chief object the seed is planted closer — about two or two 
and a half bushels per imperial acre — the result being the drawing up of the 
stalks with little tendency to branch 

The total of the last available figures shows that the world’s flax crop (includ 
ing Russia for 1911) was grown on over four and a half million acres, which 
produced over 800,000 tons 

In 1912 Russia alone had 3,832,056 acres under cultivation, which produced 
817,871 tons, and out of this she exported 345,216 tons, realising 11,432,954^ To 
the United Kingdom she sent 68,600 tons, valued at 3,474,1871 

In Ireland there are nearly 1,000,000 spindles at work, over 7,000,000/ are 
sunk in mills, machinery, etc , and 5,300,000/ are constantly locked up in 
manufactured goods , 3,300,000/ are annually paid to Irish fibre workers 

It would seem, therefore, that the agricultural part of the business is assured, 
but it IS not so 

In England and Scotland flax has almost ceased to be grown, and the acreage 
in Ireland has been reduced from 301,693 in 1864 to 46,921 in 1912 The acreage 
cultivated in 1913 was, however, increased 

Within the last two or three years great strides have been made in our know 
ledge, and Governments are assisting colleges and others in studying the history 
and habits of flax 

By constant attention and selection longer straw which will not branch until 
full height will be secured A steady growth produces best fibre, and small 
clean stems will produce the finest filaments The root itself has no fibrous 
tissues 

The fibres are surrounded by pectose, and lie in bundles containing varying 
numbers of filaments 

The process of separating fibre from the boon and rind has engaged many 
minds Artificial means and chemistry have been employed without end 
Recently a new method has been tried upon the principle of solvency under 
pressure, and has proved highly successful 

The old process of retting and scutching was explained 


» Soth, p 205 
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IntereH in the flax fibre indu^^try has entered into a ne-v^ phase of existence, 
with a brighter horizon 

Given suitable land, good seed, careful supervision, scientific degumming, and 
improved scutching, there is no reason why farmers should not devote part of 
their land to flax for production of fibre It should return a better result 
financially and give greater employment than any other crop usually grown 


TUESDAY, AUGUST 18 
The following Papers were read — 

1 Methods of Milk Becoiding By Alexander Lauder, 7 ) Sc 

In this paper a short account was given of the methods of obtaining the milk 
records of dairy cattle as carried out in Scotland and Ireland In Scotlind the 
woik has been practically confined to the Ayrshire breed A scheme has been in 
operation since 1903, but in the earliei years the number of heids under inspection 
was comparatively small The work is now under the diiection of the Scottish 
Milk Records Committee, a representative body in leceipt of an anninl giant 
from the Development bund In 1914 this grant amounted to 2,000^ The 
number of cows under inspection has increased rapidly fiom yeai to year, and 
dining the present year his reached 25,000 

The work is carried on through local societies consisting of twelve to twenty 
loui members, so that the woik of each sodety is sufficient to take up the whole 
time of a recorder The weighing and testing may be done every fouiteen, 
twenty one, or twenty eight days, according to circumstances, an interv il of 
twenty one days being the most common m Scotland The recorder ariives it 
the farm in the afternoon, weighs, and determines the percentage of fat in the 
evening milk and the morning milk next day All the testing and weighing is 
done by the recorder, the farmer being only asked to supply details as to feed 
ing, times of calving, &c A copy of the record is left with the farmer, and a 
copy forwarded to the offices of the Central Committee 

Finance — The expense of carrying on a local society may bo put it ibont 
80/ per annum Part of this expenditure is met by a giant from the ( cnti il 
Committee, and the remainder is apportioned between the membeis In some 
societies the members are charged so much per cow The ( ost pei cow is from 
9c/ to Is 10^ per annum, and each membei is charged on a minimum of 
forty cows 

— The systematic keeping of lecords of the jield of milk and the pei 
centage of fat has led to the gradual elimination of the less pioductive lows fiom 
the herds In this way the average yield of the herds has been greatly iiui c istd, 
and also their value, especially for export purposes In some heids the avci ige 
annual yield per cow has been increased by 100 to 200 gallons in six to eight 
years 

The increase in the value, since the beginning of the scheme, of Pedigree 
(Milk Record) Ayrshires for export purposes is estimated at about 50 per cent 
In this connection the importance of the sire being descended fiom a dnm of 
good milking qualities has been proved by experiment, and c innot be too stiongly 
emphasised 

Classification of Cows — For purposes of comparison the yield of milk is 
calculated to the equivalent amount containing one per cent fat 

In judging cows at cattle shows the more rational method of taking into 
account the milk yielding capacity of the cow is giadually superseding the 
former method of depending solely on appearance Three classes aie now com 
monly adopted — i , For cows giving over 1,200 gallons , ii , for those over 1 ,(XX) 
gallons , 111 , for those over 800 gallons 

Irish Method — The milk recording and testing in Ireland are cirried out 
under a scheme of the Department of Agriculture and Technical Instruction 
Under this scheme the cows have first to be inspected and approved The farmer 
weighs the milk on one definite day per week, and his herd and records are open 
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to inspection at any time without notice The Department’s inspector checks 
the fdiniei’s weighings, and takes samples of the milk at intervals for analysis 
Approved cows, of proved milk yielding capacity, are then eligible for entry in 
the Department’s herd book 

A shoit account was given of Gavin’s statistical inquiry into the accuracy of 
estimating a cow’s milking capability by her first lactation yield [Gavin, ‘ The 
Interpret ition of Milk Records* (Journal Royal Agricultural Society, 1912, 
p 153), ‘Studies in Milk Records* (Journal Agricultural Science, 1913, vol v , 
parts 3 and 4)] 


2 Milking Machines in Victoria By B, T Archer 

Tlicic aie about fourteen different makes of milking machine in this State, 
and as lai as can be ascertained 2,000 faimers have been supplied with 
machines equal to 6,000 single machines or pulsators Some of these have been 
put out of use for various reasons considered below One of the principal advan 
tages in connection with machine milking is that it makes a farmer piactically 
independent of labour, which is a difficult problem in this country 

When the machines are handled properly by those who take an interest in 
them they give thoioughly satisfactory results, especially is this the case with 
heittis fiibt broken in to the machine It is found also that the milk keeps satis 
tactorily That this should be the result with proper handling is proved by 
the expel lence at the Lady Talbot Institute On the other hand, it is difficult, 
almost impossible, to persuade the average dairy farmer to exercise the rieces 
biry care in cleansing the machines, and when this is neglected the quality of 
the product suffers 

Types of Machines 

All the machines but one in use in Victoria aie worked on the vacuum 
piinciple, which is produced either by pump or by a steam ejector The 
systems in use are the bucket and the conduit or tank In the conduit system 
the milk is conveyed fiom the teats through pipes to a tank in any convenient 
pi ice, but the pipes become an additional menace in careless hands They are 
of br iss or gun metal with polished surface inside Experiments are being 
made with strong clear glass tubes to replace the metal If these prove satis 
fictory it will be eisy to see if they are clean In this system various vahe 
devices are used to provide automatic release of the milk so that the vacuum 
miy be sustained 

Anothei type of apparatus used for milking, which on account of its apparent 
cheapnebb and simplicity is likely to find favour with the uninitiated, consists of 
foul ordinary milk tubes or teat syphons with rubber tubes attached to convey 
the milk to the buckets 

Many reliable ubeib of the milking michine claim that with the machines the 
cows never have sore teats, and if used on i cow with sore teats they rapidly 
heal and do not bleed as they do when milked by hand Some claim that con 
txgious mammitis is more likely to spread with machine‘=«, but this only applies 
to the careless man 

CoH of Upkeep 

This vanes according to care bestowed, but under proper treatment it may 
be put down at about ll pci michine per annum Aluminium is largely used 
now 111 the teat cups, and many of these appear to corrode rapidly at the top 
and bottom Some attribute this to milk, but it is more probably due to the 
soda used in cleansing It is questionable if aluminium is suitable for this 
purpose Light gun metal or brass cups nickel plated appear to stand better 

The Sanitary Aspect 

The greatest problem in connection with the milking machine as it presents 
itself in this country is with regard to sanitation The difficulty is to impress 
users with the necessity of properly cleansing the machines as soon as possible 
after using The experience gained through the Lady Talbot Institute goes to 
prove that with proper care milk can be produced giving an exceptionally low 
bacterial count 
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Lady Talbot Milk Inatttute 

Table showing number of micro organisms per cubic centimetie (macliine 
milking) — 


— 

911 

191J 

February 

9,000 

6,300 

March 

29,600 

21,200 

April 

26,400 

31,300 

May 

3,600 

11,600 

Average 

23,800 

18,700 


Table showing average of niicio oigaiiisms per cubic centimetie after 
deleting the figures for the sample yielding the highest count each month (This 
table gives a better idea of the bacterial condition of the bulk of milk supplied 
by the Institute ) 


— 

1911 

1912 

February 

4,400 

2,500 

March 

14,500 

4,100 

April 

20,600 

8,000 

1 May 

3,600 

9,900 I 

Average 

1 15,100 

6,600 1 


Expel iments conducted at the faim proved the supeiioiity of the inachincb 
o\ei hand milking as regards cleaiilinesb 


3 Inals of Milling Machines By Dr E Si LNiioubL Willi \M b, 

J Golding, and Jamls Mackintosh 

At the trials of milking machines arranged by the Royal Agiicultui il bociety 
of England in 1913, the chemical and bacteriological tests were conducted by 
the authoib Eleven machines competed, and the paper discussed the varioub 
lines of development along which future progress may take place 

At the outset it may be stated that the Committee excluded syphon machines 
on the ground ‘ that they were rightly considered by the bociety to be iiijuiious 
to the cows * 

There remained then two types of machine — 

A Pressure machines, those in which an attempt was made to simulate the 
procei^s of hand milking, and 

B Suction machines, those in which suction in one form or another was 
employed 

Of the former three competed The bacteriological results were as follows — 

O P Q 

676 4,603 6,161, 

which represents the average bacteriological content per c c during the trials 
Remarks on Pressure Machines 

0 Squeezing the teats from above downwards No friction on udder Milk 
caught in open pail 

P Squeezing of teats by rubber plates associated with adjustable shields 
which massaged the udder during milking, thus dislodging hairs and dirt 
particles Open bucket underneath the udder 

Q The milk was expressed by pressure only and conveyed by short channels 
to an open tray, thence by a tube to the receiver which is suspended underneath 
the cow As it enters the receiver the milk is strained 
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RemaTha on Suction Machines 

The results obtained with these machines depend, firstly, on the defects in 
the machines themselves, and, secondly, on the care and skill of the operator It 
was not always possible to differentiate between these, but the following instance 
may bo given as indicating the effect of want of care in this direction 

A (average bacteriological count 3,103 per c c ) compared with D (average 
bacteriological count 1,579 per c c ) 

A was a befter machine but not so well cleansed 

Again, if we consider four of the suction machines in all of which reasonable 
care was taken in the cleansing, 'v^e find that the average count varied from about 
2,000 to about 4,000 organisms per c c On the other hand, the two machines in 
which the cleansing was undoubtedly indifferent had average counts of 41,419 
and 12,384 The bacterial content in the machine giving 12,384 was mainly due 
to inefficient cleansing of the machine In the machine giving 41,419, insufficient 
cleansing, excessive length of rubber tubing, and leakages contributed to the 
high count 

It appears, therefore, that suction machines, as exhibited in this trial, 
depended to an unreasonable extent on the personal equation, and demanded an 
amount of intelligence that cannot be expected from the average cow man 

The results seem to indicate that some type of pressure machine milking 
directly into a covered can might give the most effective bacteriological results 
in the hands of an ordinary worker 

The suction machines with their tubing and fittings require a cleansing 
between each milking, which almost amounts to bacteriological sterilisation, if 
really good results are to be obtained The absence of the means to effect this 
on many farms, and the lack of training in those who have to perform the work, 
render a plea for the simplification of the machine specially cogent 

4 The Results of Milk and Dairy Supervision in Victoria 
By Dr S S Cameron 

5 Milk and Butter Records of Pure bred Cow^ in Australia, with 
Special Reference to the Australian Breed of Milking Shorthorns 
By M A 0 ’Callaghan 

This paper showed what the Government of New South Wales and the 
breeders of pure bred dairy cattle are doing towards obtaining the recoids of all 
pure bred cows in the State 

Records were given for Australian dairy shorthorns, and also a brief history 
of the formation of this breed 

Records were also given for Jerseys and Guernseys 

Climate and Food Conditions in relation to Composition of Milk 
The question of the effect of extreme periods of drought during which time 
cows receive no green foo 1 was referred to as affecting the solids not fat in milk 
The question was also raised as to the effect on the percentage of fat in milk of 
almost continual sunshine and absence of rainy weather coupled with good food 
conditions, such as prevail on the irrigated lands of Yanco district, New South 
Wales 


Mdh and Butter Records 


Shorthorns (Australian type) 

Butter 

lbs 

Milk 

lbs 

‘ Melba III ’ for 

9 months 

585 

13,818 

» »» 

12 „ 

653 

15,238 

* Champion III ’ , 

9 „ 

563 

10,299 

>» 99 

10 „ 

574 

10,500 

* Camelia II * „ 

9 „ 

446 

10, 36b 

99 99 

12 . 

524 

12,039 

‘Lily III’ 

9 » 

580 

14,742 

99 

12 „ 

689 

17,699 
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Jerseys ‘ 


Hordern’s ‘ Ledas Snowdrop ’ (imp ) for 7 months 

Gollan’s * Winsome * „ 9 „ 

„ ‘ Bessie * „ 9 „ 

MacdonaM’s ‘ Coomassio * „ 9 „ 

„ * Madeira 8th ’ „ 9 , 


»» »> 

Miss Walker’s * Lady Capture ’ 
»> »> 


„ 12 
„ 9 
„ 10 


Butter Milk 

lbs lbs 

618 8,079 

481 8,106 

454 8,134 

497 8,363 

482 6,685 

616 8,348 

452 6,788 

482 7,277 


♦Perry’s ‘ Mignotte 7th * (imp ) 

for 9 months 

331 

5,786 

* „ * La Colombo * (imp ) 

»> »» 

364 

6,598 

Kinross’ ‘ Merton Margaret 2nd ’ (imp ) 
NSW Government’s ‘ Calm 2nd ’ 

»» »» 

455 

7,109 

„ 41 weeks 

603 

7 548 

„ „ ‘ Parsons Red Rose 1st ’ (imp ) , 51 „ 

452 

6,999 

♦ Cows marked thus were only on their second 

cilf 



6 Preliminary Note on Wool Inheritance By P G Bailey, M A 


This paper dealt with the methods employed in the experiments made at 
Cambridge on the question of the ‘ Inheritance of Wool Characters,’ and tht 
results so far obtained from these experiments 

A cross was made between two Merino rams sent us by the late Mr Chirles 
Harpei, of Western Australia, and twenty Shropshire ewes Thirty one lams 
and forty one Ft ewes were obtained from this cross An ram was mated to 
the Fi ewes, and from these we have now got thirty three F rams ind foity 
seven F ewes, but of these F sheep only six rams and eight ewes have been 
shorn 

The methods employed in this investigation were the following — 

(1) Each sheep was given an earmaik number in ordei that i complete pedi 
giee should be kept 

(2) At shearing, small samples were taken from the two shoulders, neck, belly, 
and bntch The fleeces were then given the number of the sheep from whu h 
they came, were weighed and sent to Piofessor Baiker at the Technical College, 
Bradford They were there sorted into the commercial qualities 

(3) The commercial qualities apparently depend upon a large number of 
factors, each of which is possibly independent in its inheritance These factois 
have been stated to be lustre, uniformity in length, waviness, and, most impor 
tant of all, average diameter of fibre Consequently it became necessary to 
analyse these factors separately With Mr F L Engledow’s help, i micro 
scopical investigation has therefore been made into these chaiactcis, esp( cully 
as regards average diameter of fibre 

Results so far obtained — 

(1) Range of qualities shown by Bridford soiting — 


Menno rams 
Shropshire ewes 
Fi rams 
Fj ewes 
Fa rams 
Fa ewes 


Quality 64^ 

„ 54S-50S 

„ 608 - 44 ^ 

„ 608~50s 

, 608-548 

„ 608-548 


There is, in fact, a high range of variation in the F, generation, but the great 
bulk of the Fj sheep are of a quality intei mediate between those of its Merino 
and Shropshire parents 

(2) No accurate investigation has yet been made into the amount of grease in 
fleeces, but it was seen that the Fj generation were intermediate in this respect 
between the two parents 

(3) The microscopical in\estigation of the average diameter of the fibres 
point© to the fact that the great bulk of the Fj sheep are inteimediate as regards 
this character 
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It has incidentally been shown that in ordei to obtain a probable error of less 
than 3 per cent of the average of any sample it is necessary to take 160 measure 
ments of that sample 

(4) There ib i laige variation in the range of the weights of the Fj fleeces 

(5) The generation are also intermediate as regaids the number of waves 
per inch 


7 Inheritance tn Poultry By P G Bailey 


WEDNESDAY, AUGUST 19 

Joint Discusbion with Section G on Irrigation 

(i ) litigation Works in Italy ^ By Professoi Luigi Luiggi, D Sc , 
M Inst 0 E , President, Italian Society of Civil Engineers 

The ivcidgo touiibt who visits Italy and admiies the splendid oiaiige 
gloves lound bicily and Calabria, the industrial flowei gardens of the Ligurian 
Kivien, the luxuiious vegetable gardens and orchards of Tuscany and Campania, 
01 the extensive giecn meadows of exuberant trefoil and lucerne of Lombardy 
and Lower Piedmont — if he has any tinge of poetry m his veins — ^will be apt to 
raise a hymn of praise to Providence for bestowing upon Italy such great 
blessings, and foiget the industry of its inhabitants accused ot the sins of ‘ dolce 
lai riiente ’ 

And truly Italy has been greatly favoured by a mild climate with plenty 
of sunshine — although even in excess in some paits, but beyond this, Providence 
has not done much moie than for any other nation of >Southern Euiopo, if it 
weie not that it has also given to Italy a very hardy race of people, full of 
resources, veiy thrifty, content with little, and ready to till the land cheerfully 
from dawn to dusk in the hope of getting good ciops, notwithstanding the 
numeious driwbacks of a lather poor soil, of a veiy iiiegular rainfall — in excess 
duiing the wiiitei months, when it causes inunditions, and neaily absent foi 
five to sevt n months of the warm season, during which a fierce sun w oiild scorch 
the Imd ind dry up all vegetation if the industiy of the Italian fiimei did not 
ovcicomo these nituial drawbacks by means of i i itional system of inigation 
And, ill fact, the prosperity of agriculture in the regions just mentioned — 
which ire the most prosperous in Itily — is due exclusively to tho incessant 
woik of men who, fai fiom enjoying much ‘ duke far niente,’ have applied, 
ind are extending continually, the iit of iriigation, which in Italy dates back 
from the time of the Etruscans, ind has reached gre it perfection in our days 
Without iirigation, the rich oiange groves, the bountiful orchards and 
vegetable gardens, which give such v iluable products foi exportation to Central 
Euiope and North America, could not exist, and the land would give but a 
scanty levcnue to its owners, but especially the luxurious and extensive meadows 
of tho valley of the Po — which are intensely green ill the year round, and give 
even seven or eight crops of foddei per yeai — could not exist, and baiely one or 
two cuttings of grass could be laised without the help of irrigation 

It IS the art of the hydiaulic engineei and tlic intelligence and perseverance 
of the agriculturist that, bv leguliting the natural w iter courses, impounding 
the water in reservoirs, or raising it fiom the subsoil or from the natural 
streams, and then distributing this watei intelligently over the land at the 
proper time — that is, by scientific irrigation — have tiansformed the waste sandy 
plains of Piedmont and Lombudy into the most piospeious meadows of Europe, 
and made the orange groves around the Tyirhenian coists so plentiful and beauti 
ful as to cause Goethe to give to Italy the name of ‘ the land where the orange 
blooms * 


^Published m Engineering, September 18, 1914 



656 


TRANSACTIONS OF SECTION Mi 


As the climatic conditions of Austialia are very simiUi to those o^ Italy, 
it may be interesting — and it is hoped useful — to the citizens of the Common 
wealth to know how Italians manage to get the best out of the natural con 
ditions of their native land, which, owing to the prosperous state of agriculture 
from time immemorial — which leaves a good surplus for improvements and 
comfort — has made Italy the land of music^ of poetry, and of arts 

After this introduction, showing that iirigation is the principal factor 
of the advanced state of agriculture, and the principal source of revenue for the 
Italian nation, the author described the difierent ways of getting water loi 
irrigation, and how it is distributed over the cultivated Helds 

The Cost of Water — .When only small quantities are required, as for the 
orange groves and flower gardens, the water is generally raised from the sub 
soil — at the foot ot the hills or round the coasts — either by very primitive means 
such as water buckets (cxcogne) moved by men, or nortaSy or rosary pumps 
moved by animals, as in Southern Italy, or by small but very modern centrifugal 
pumps moved by oil or electric motois, used especially along the Liguiiaii 
Bivicra and in many parts of the valley of the Po, where hydro electric plants 
are very common 

The cost of the T\ater i used electiically — especially during the daytime, when 
the electric current is distributed at lower rates than at night — varies from 0 10 
to 0 25 frinc pei cubic metie (from to 11c? pei 1,000 gallons), md it is 
considered not deal, for if raised by animals or, worse still, by men, its cost 
would be respectively eight to seventeen times higher 

Nevertheless the products giown with iirigation realise such high puces tint 
this expenditure is justified, and also a veiy fair profit is left to the glowers ot 
oranges, early vegetables, and floweis, which find a ready market in Cential and 
Northern Europe, especially duiing the winter months Ihe revenue of i good 
orange gro\e varies fiom 2,000 to 3,000 francs pei hectire (36/ to 54? per 
acre) per year 

Huge Reservoirs — lor iriigition on a large scale — that is, lor faiily laigo 
farms of some 60 to 100 acres in extent where ordinal y vegetables, fiuit trees, 
vines, olives, &c , are cultivated — this pnee of watci would be prohibitive, and, 
besides, the quantity would be insufiicient Then recourse is had to collecting 
the lainfail —which on the average varies fiom 36 inches in Noith Italy to 
15 inches in the South — by storing it up in rcscivoiis These vaiy from the 
modest cistern of some few hundred cubic metres capacity, suflicient for the 
horticulturist, to large artificial lakes of many million cubic metres foimed in 
some valley of the Alps or of the Apennines by high dams, built eithei of earth, 
rock fill, or masoniy, the last being generally pi ef erred 

There are already many lirge reservoiis, especially in Noithein Italy, such 
as the Lagastrello, Brasimone, Goizente, Deveio, Adamello, and otheis, but the 
largest of all is now in construction in baidima, across the Bivei In so The 
dam, of masonry, is 65 metres high (179 feet), and is of giavity section It 
will impound 350 million cubic metres (12,250 million cubic feet) of watei 
— so that it will be the largest in Europe — sufficient to irrigate from 20,000 to 
30,000 hectares (about 60,000 to 80,000 acies) of land capable of being cultivated 
for early vegetables, fruit, oranges, olives, vines, and such good priced products 
Several other dams are soon to be built in Southern Italy, the most important 
being on the rivers Bradano, Sila, Simeto, and Fortore The latter will be 
75 meties high (243 feet), and will impound 410 million cubic metres (14,350 
million cubic feet) of water and irrigate about 100,000 acres in the fertile plains 
of Apulia 

The water from all these artificial likes is generally used first for motive 
power, in some hydro electric installations — which in Northern Italy are very 
plentiful, and this helps much in lowering the price of the irrigating water — 
and afterwards it is distributed by means of canals to the different farms, at 
prices varying from about 0 005 to 0 01 franc per cubic metre (from to 
per 1,000 gallons), or at the Mump sum"* or ‘annual rate* of from 80 to 120 
francs per hectare (If 10« to 2/ lOs per acre per annum) 

These prices, however — although quite reasonable in semi and regions, where 
a timely irrigation may save the crops from total failure in a year of drought- 
are still too high for ordinary iriigations, especially of meadows, and besides. 
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for very large exienbions of land, the quantity of water that Can be impounded 
in an artificial lake is always comparatively small 

Cantih — bo, when large quantities are required, the water is obtained from 
livers, fed, generally, by some natural lake, like the rivers Ticino, Adda, 
Oglio, Mincio, or by some glacier which, melting in the summer season, acts 
practically like a lake of frozen water , in this condition are the rivers Tanaro, 
Jb*o, Doia, Oreo, A-dige, and many others 

The engineering works consist of a submergible dam of very substantial 
masonry, built across the river, and capable of raising the level of the water to 
that of the country to be irrigated , of some controlling sluices at the canal head , 
and of a main canal, with lateral distributing ditches, provided at their intake 
with some apparatus for measuring the water to be delivered Generally, the 
‘ Cipeletti Weir* or some such over tall weir is used No mechanical meters 
are adopted, except for very small deliveries 

The price of this canal water varies from 20 to 45 francs per hectare per year 
(86 to 11 per acre) 

Many of these irrigation canals date back from the Middle Ages For 
instance, the ‘ Naviglio Grande* was built m the twelfth centuiy, and is used 
also foi inland navigation — in fact, it is a feature of these canals called 
* Navigli * to serve both for irrigation and navigation purposes The 
‘ Navigho Grande ’ is about 50 miles long, and has a capacity of 55 cubic metres 
(2,275 cubic feet) per second , and in order of date come the ‘ Muzza ’ with 
bO cubit metres, the * Cremona * with 30 cubic metres, and scoies of smaller ones 
Of the canals of modern times — ^that is, built during the last fifty years — the 
most interesting, also from the point ot view of the engineering features, are 
the ‘ Cavour ’ canal with 110 cubic metres discharge (3,850 cubic feet) pei 
second, the ‘ Villoresi * >Mth 44 cubic metres (1,500 cubic feet), the ‘ Marzano 
with 30 cubic meties (1,050 cubic teet), the ‘Veronese’ with 15 cubic meties 
(510 cubic feet), and the ‘ Tagliamento * with 17 5 cubic metres (600 cubic feet) 
per second They are leally models, both from the engineering point of view and 
the perfection ot their administration, so much so, that many engineeis come 
trom all parts of the world to study them 

The largest and longest of all is the ‘Ci\our* cinal, with a discharge 
capacity of 110 cubic metres (3,850 cubic feet) pei second, and a development of 
fully 1,0(K) miles, including its branches It was built in 1855 65 by a piivate 
company that failed, and was taken over by the State 

Ihis canal, the most important in Europe, was the means of transforming an 
almost barien region of 250,000 acres of sand and gravel— useful only foi growing 
timbei and bushes — into the most fertile rice fields and meadow land of Italy, 
where the best Parmesan and Gorgonzola cheeses are produced A still larger 
canal is about to be undertaken, the ‘ Emihano ’ canal, with a capacity of 300 
cubic metres (10,500 cubic feet) per second, 120 miles long, and estimated to cost 
12,000,000? 

Be^ultb of Irrigation — The author described, with the help ot lantern slides, 
the most salient engineering features of some ot these canals, i e , their head 
works — one of them at the ‘ Ombrone * inlet is capable of receiving 600 cubic 
metres (21,000 cubic feet) per second — and the numerous aqueducts and syphons 
ovei and under existing canals or rivers , pointing out that the ii rigation canals 
of Italy carry the life blood of the national agriculture He described also how 
the water is applied to the crops, the ‘ rotations * or periods of iriigation used 
according to the nature of the land, its permeability, and the crops to be raised , 
concluding with the results obtained by irrigation, which are most satisfactory 
from the agiicultural point of view as the rent of the fields is more than 
doubled or trebled by irrigation hrom the financial point of view of the 
Canal Administration, however, with very rare exceptions, the results are not 
so satisfactory, and in fact are generally disappointing It is not sufficient to 
build a canal carrying a large volume of water, it is necessary to sell this water — 
that IS, find the farmers ready to use it — ^and provide to pay for the original cost 
of the canal and its ordinary expenses But in order to use the water, it is 
necessary foi the farmers first to prepare their own distributing ditches, then 
to level their fields properly, and learn how to apply the water to the land at 
the moment, and in the pioportion most convenient, to decide which crops are 
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the most profitable m regard to the diflerent markets, and — 'where the land is 
not very permeable — ^it is also necessary to prepare drainage ditches in order to 
get rid of the surplus water that otherwise might damage the vegetation or pro 
duce an excess of parasitic plants All this requires experience, time, and 
capital, and thus the Administration of the irrigating canal is not in a con 
dition to sell all its water for many years 

In the best conditions it takes from twenty to thirty years — and sometimes 
even more — ^to dispose of all the water of a large canal 

For instance, the * Marzano * canal, which crosses the province of Cremona, 
where irrigation has been adopted since the Middle Ages, and all the distribut 
ing ditches were already made when the main canal was built — in fact, its 
function IS that of increasing the flow of the older irrigation canals— needed 
fully thirty years before all its cubic metres per second of water were dis 
posed of, although the conditions were most favourable The ‘ Villoresi,* also 
in a region where irrigation is pretty well developed, after forty years has not 
yet disposed of all its water, and the financial conditions of its administration 
are far from being prosperous 

Th^ State's Help — -This is the reason why the State considers it is its duty to 
help all these undertakings Irrigation puts under cultivation large tracts of 
land of very little value, and in places almost sterile, and part of the population 
that now emigrates abroad can thus find useful employment m the cultivation of 
this land, otherwise nearly useless, and thus increase the national wealth 

Italy has an increase of population of almost one million souls per year, ind 
some 500,000 to 600,000 people are obliged to emigrate, especiilly to North 
America or Central Europe, while some 100,000 go to Argentina, and 50,000 to 
other countries round the Mediterranean 

To moderate this exodus, which is not beneficial to the country, the State 
encourages irrigation by granting a subsidy of three per cent per yeai tor 
a period of ten years on the capital spent in the construction of the main 
canal and its principal branches, two per cent per year for the following ten 
years, and one per cent for another period of ten years Then the subsidy 
ceases, but in the meantime these subsidies, capitalised at five per cent , repre 
sent already about thirty five per cent of the initial expenditure But if the canal 
18 arranged in such a way as to help to control the flood water of rivers — ^as when 
impounding reservoirs are also built — ^then some subsidy is also granted on the 
capital in the proportion of ten per cent to thirty per cent of the expenditure 
For instance, for the Tirso reservoir and canal, estimated at about 20 million 
francs (800,000f ), the fetate, besides the usual grants, pays three million francs 
(120,000/ ) for the beneficial effect on the regime of the river, and grants a 
yearly subsidy of 150,000 francs (6,000/ ) lor fifty years for the canal, provided 
that the price of the water for irrigation is not more than 32 francs per hectare 
per year (11s per acre) After sixty years all the works become the property of 
the State 

The conclusion, based on Italian experience, is that irrigation is very bene 
ficial to the individual farmer, when he can get the water by paying 30 to 
50 francs per hectare per year (11s to 17s per acre), but not to the Adminis 
tration of the canal during at least the first thirty years, so the undertaking 
requires a great help from the State during this trying period But in the 
meantime the State, in the form of taxation, and in the increased welfare of its 
citizens, reaps a large benefit from these works, which is more than sufficient 
to repay amply all the sacrifices made for this purpose Without irrigation 
Italy would not be able to feed a large portion of its present population , as it 
is, with its wonderful network of irrigating canals, it has become the * garden 
of Europe,* and is now preparing to extend irrigation in ordei to be able in 
thirty years* time to feed a population of fifty to sixty million inhabitants 
This gives an idea of the satisfactory results accomplished by scientific irriga 
tion, and explains also the reason why the Italian htate encourages and helps 
financially all such undertakings 
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(ii ) Some Factors controlling the Growth of Cotton ^ 

By H T Ferrar, M A , F O S 

Among the mam factors which control the cultivation of cotton on a com 
mercial basis are — (1) Temperature, (2) water supply, (3) soil, (4) labour 

(1) The cotton plant is commonly found in those parts of the world which he 
within thirty degrees of the Equator, but finds its best development in what may 
be described as sub tropical climatological regions In Egypt the air tempera 
tures which rule at sowing time are in the neighbourhood of 65° F , as the plants 
attain maturity the temperatures gradually rise to values of 82° F and 83° F 
and fall some 9° or 10° during harvest 

(2) The water requirements of the crop are equivalent to about 46 inches of 
rainfall, which in Egypt is met by irrigation from perennial canals The water 
factor naturally depends upon environment The methods adopted by the 
Egyptian cultivators were described 

(3) The volume (depth) of soil available to the roots of the cotton plant is of 
more importance than its texture or its chemical composition, provided always 
that the soil contains sufficient available plant foods In Egypt cotton is grown 
profitably on a soil which in one extreme case is an almost pure sand, and in 
the other extreme an unctuous clay Diagrams were exhibited showing how a 
high water table, by reducing the volume ot available soil, limits the yield of the 
plant 

(1) The profits derived from the cultivation of cotton naturally depend upon 
the cost of agriculture Where the price of labour is high better returns are 
obtained by cultivating the more valuable types of cotton The higher grade 
Egyptian cottons grow best in the Delta, while warmer Middle Egypt supplies a 
cotton (As/imum) whose fibre is of medium value only 

The East Coast of Australia would seem to provide the requisite temperatures 
and rainfill necessary for cotton cultivation, but widespread experiment is 
necessary if it is desired to prove what areas provide suitable soil conditions and 
what IS the margin of profit of the husbandman 

(ill ) Two Maps illustrating the Fertility of Lower Egypt ^ 

By H T Ferrar, M A , F GS 

In an and country water supply is the most important factor governing the 
fertility of the soil, and, given a sufficiency of water, the origin or the chemical 
compqieition of the soil is usually of secondary importance Evaporation being 
active under and conditions there is a tendency for salt to accumulate in the soil 
to the detriment of agiiculture In the United States of America much arable 
land has deteriorated owing to the accumulation of salts caused bv injudicious 
inigation, and the next step in Egypt’s agricultural progress is the provision 
of a widespread and efficient network of drains 

The programme of this woik is now in hand, and, in order to be in a position 
to assess the improvement effected after the improved drainage facilities begin 
to operate, the Egyptian Survey Department was asked to make a survey which 
would record the present condition of the land A Fertility Map of part of the 
Northern Delta was shown The map on a stale of 1 50,000 is reduced from the 
1 10,000 field sheets of Mr F E Frith and myself, which are coloured accord 

mg to an eye estimate of the value of the land The agricultural value has been 
proved to depend upon the salt content of the soil, and in order to control the 
arbitrary scale adopted frequent soil samples ha\ e been analysed by Mr F 
Hughes of the Agricultural Department The mean salt content of what we 
have called good land (coloured yellow on the map) is about 0 3 per cent , 
medium land (burnt sienna) about 0 5 per cent , poor land (sepia) 0 8 per cent , 
and barren or uncultivated land (purple) 1 per cent to 20 per cent 

On comparing this map with another on the same scale showing the contours 
it IS noticeable how the fertility depends upon both absolute and relative levels, 
t p , upon natural drainage The good land occurs in the south, and becomes 

1 By permission of the Director General of the Egyptian Survey Department 
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gradually inferior, and finally barren as sea level is approached, except for 
narrow strips along the high lying arterial waterways 

Canals such as these, though sometimes following a tortuous course, are 
always the most satisfactory, firstly because they easily command the countiy 
they serve with irrigation water, and, secondly, because the evils of salt 
accumulation consequent on active infiltration are reduced to the lowest possible 
minimum Conversely, drainage channels are not fully efficient unless they 
follow closely the lowest parts of depressions between opposing elevations 
In Egypt differences of level are usually comparati^ ely small , nevertheless, re 
modelling of water channels, which in the old days were not excavated according 
to the contours, has formed part of the irrigation programme since the British 
occupation of that country 

It is understood that some Australian irrigation projects have not been 
entirely successful owing to difficulties such as are indicated, and it is urged 
that it IS an economy to spend money on detailed mapping of new country before 
launching on projects of canalisation, which if lacking in finality may entail a 
greater outlay on remodelling than would ha\e been needed for the initial survey 

‘ When we mean to build. 

We first survey the plot, then draw the model * 

(iv ) Irrigation in Victoria By 1 H DpthpidciF 


Rydnfy 

FTtlDU, iUGUST 21 

The following Papers were read — 

1 Migration of Reserve Material io the Seed in Barley considered as a 
Factor of Productivity By E S Beavbn 

With barley the ratio of the dry matter accumulated in the seed to the total 
dry matter of the plant when fully ripe frequently influences the produce of 
gram to a greater extent than any other factor, also it is more important in 
barley than in either wheat or oats, because the value of the dry matter of the 
hdulm (i e , the stem and leaves) is less with barley , also this ratio is higher 
in some races of barley than in any variety of the other cereals, and probably 
higher than in any other cultivated plant The paper dealt with some of the 
bearings of these facts 

This ratio vanes considerably as between different varieties of barley and 
a** between different races of the same variety of any cereal species It has a 
high value for purposes of selection, especially in the early stages of selection 
from amongst a limited number of individual plants which are the progeny 
obtained by the artificial cross fertilisation of any two individuals 

As between two races, each the progeny of a single plant of the F4 generation 
of the same cross, and with the same weight of dry matter in the entire plants 
on unit area, the inherited and persistent difference in the ratio referred to has 
been found in a series of experiments to be as much as 5 per cent In conse 
quence of this factor alone with the same total weight of grain and straw on unit 
area the yield of gram was more than 10 per cent greater in some such races 
than in others 

In the case of hybrid races generally the number of individuals possessing 
different combinations of characteis is very large, especially if minor characters 
affecting either productivity or quality are taken into account The experi 
mental error involved in selecting either individual plants, or aggregates which 
are the progeny of single self fertilised plants, for the purpose of starting new 
races of cereals is so great m consequence of environmental conditions that no 
conclusions of practical value can be drawn, except fiom a very large number of 
observations, as to relative productivity when only the dry weight of the gram 
IS taken into account, and then only if special methods of cultivation are 
adopted 
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111 the initidtory stages of new races it becomes, therefore, impracticable with 
any certainty to extract the most productive races from those originated by 
artificial ciossing by the merely empirical methods hitherto adopted 

The papei described the methods adopted in collaboration with Professor 
Biffen, and, in respect of the biometrical data obtained, with Mi W E Gosset, 
and gave a summary of the conclusions arrived at from the experiments of the 
last five years , more particularly as to the value for selection purposes of accu 
late determination of the relative seed forming energy as shown by the ‘ co 
efficient of migration ’ of different races of barley 

2 II heat Improvement in 'iustralia By F B Guihrie, F I C 

Part I 

Early inter State action with regard to the study of wheat and its diseases 
was leMewed, and it was shown how the oiiginal scheme developed 

The work of private individuals, working before State action was 
inaugurated, was discussed, and in particular the present position of the hairer 
wheits was dealt with 

The special qualities looked foi in wheats to be giown undei Austialiaii con 
ditions were grouped undei the following heads — 

(1) Resistance to rust and othei diseases 

(2) Prolificness 

(3) Drought resistance 

(4) Milling quality 

(5) Wheats for hay 

(6) Wheats for diffeient distiicts and climates 

It was shown how the inteipietation placed on the abo\e teims in Austiihi 
differs from that which obtains in other countries on account of the diffeiing 
conditions, for example, wheats which lesist rust locally succumb to this disease 
when grown in othei paits of the woild, some of the most prolific European 
vaiieties are very poor yielders when grown locally, &c 

The characteristics enumerated above were next considered more in detail 

(1) Resistance to Bust, dc — The pnncipil workeis on this subject weie 
reftried to The point was noted that the natuie and life history of rust weie 
different in Australia The question of rust esc iping by quick maturing was 
dealt with, and the damage done by rust in Australia, especially in the coastal 
di&tiicts, was discussed 

Remarks followed on some rust resistant wheats 

(2) Prolifitncss — The impoitance of this quality from a faimei s point ot 
\iew In the older wheats piolificness was veiy frequently associated with 
infeiiority in othei respects The smallness of local yields was considered in 
comparison with other countries The characteristics required in a prolific 
wheat were rcMewed and some successful new vaiieties desciibed 

(3) Drought Resistance — It was shown that this propeity is of the greatest 
local importance in view of the extension ot wheat growing into drier areas 
The chaiacteiistics to be looked for in dry country wheats were discussed, and 
some successful new varieties described 

(4) Milling Qualities — The diffeient requirements of English and Australian 
millers were referred to, and the characteristics of a good milling wheat for 
Australian conditions discussed The expoit and internal trade were reviewed, 
and it was shown that theie is a steady improvement in the quality of our 
locally grown wheat Notes followed on some of our best milling wheats 

Part II 

The work done in the individual States in the improvement of wheat was 
reviewed under the following headings — 

(1) Work done by individual mvestigatoi s 

(2) Work carried out at institutions under departmental control 

(3) Action taken by the different States in furtherance of the object of 
improving wheats 



662 


TRANSACTIONS OP SECTION M 


3 William Farrer*6 Work^ Methods, and Success a Short Sketch 
By 3 T Pridham 

Faner, the famous wheat breeder, was born in England in 1845 and had 
a distinguished career at Cambiidge He emigrated to Austialia for health 
reasons, and after practising as a surveyor he started his wheat bleeding experi 
ments on his own pioperty at Lambiigg, New South Wales, in 1886 In 1898 
he became wheat breeder to the State Depaitment ot Agriculture and was 
actively engaged in this gieat work till the day of his death in 1906 

What first attracted his attention to wheat impiovement was the damage 
done for a number of yeais by rust (Pucctnia gramtnib), and he set 
himself the problem of producing a lust resisting vaiiety Other features which 
he aimed at securing were greatei flour strength, drought lesistance, early 
maturity, freedom from shelling, suitability foi hay making, and immunity to 
bunt (Tdletia tritici) Prolificness he regarded as of secondary importance, 
although this is the leading characteristic of his most populai variety, * Federa- 
tion * He seems to have thought that proper attention to cultivation, manur 
ing, &c , were of moie impoitance in securing high yields than the actual 
piolifichess of a particular variety 

Cross breeding followed by selection from the varying progeny foimed the 
basis of all Faiier’s woik, and he usually made between 200 and 400 ciosses in 
each year after joining the Depaitment The varieties used in addition to the 
best local ones weie chiefly of the Fife type from Canada and the United 
States to impart stiength, and Indian vaiieties to give eaily maturity and 
capacity for holding the giam aftei iipening The selection ot the best cioss 
breds and the elimination of the unsuitable ones presented the gieatest diffi 
culties he had to encounter He was greatly helped xn this by the setting up 
of a miniature flour mill under the superintendence ot Mr F B Guthrie, the 
departmental chemist, for this made it possible to determine accurately the 
milling and baking qualities of very small samples of gram, any varieties not 
coming up to a certain standard being immediately rejected He kept well 
abreast of the current literature on the subject, and although during his later 
years he was in correspondence with Professors Biffen and Spillman on the 
subject of Mendehsm he did not see his way to alter his methods materially, 
except, perhaps, in reducing the number of crosses made 

His work proved successful beyond his wildest dreams, though it was only 
partially appreciated at the time of his death His greatest populai success is 
‘ Federation * — variety first introduced to the farming public about 1901 and 
now the most extensively grown and prolific of any in Austrxlia It is a cross 
between ‘ Purple Straw ’ one of the best all round local varieties up till Faner’s 
time, and a Fife Indian cioss bred called ‘ Yondilla ^ In addition, he has pio 
duced vaiieties (‘Comeback,* ‘Bobs,* and ‘ Cedai ’) of much gieatei flour 
strength than any pieviously grown, vaiieties i datively immune to rust 
(‘Warren * and ‘ ThewJ, suitable to the moister districts near the coast, varieties 
not subject to bunt (‘ Florence,’ ‘ Genoa,* and ‘ Cedai ’), early matuiing vaiieties 
— some of them suitable for hay making, like ‘ Firbank * and ‘ Bunyip,* and most 
of them hold their gram better and are more suitable to Australian harvesting 
methods than the majority of the older varieties Since his varieties have come 
into general use the growth of wheat has extended into drier and drier districts 
and a new province has been added to the * wheat belt * in New South Wales, 
while the average milling and baking qualities of Australian wheat have 
improved year by yeai 

In the opinion of the author the main factors which contributed to Farier’s 
success were his keen enthusiasm, perseverance, thoroughness, and singleness 
of aim, coupled with the assistance of the Government, which caused the new 
varieties to be thoroughly tested and finally introduced to the faimeis 


4 (a) Variety Testing and (b) Strength of Wheat Flour 
By Professor T B Wood, M A 
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5 Wheat-Breeding in An^tralia Bi/ A E V Eichardson, M A , B Sc 

Wheat IS the staple crop of Australia Steady increase in production has 
taken place during the past three decades, and the annual production is now 
approximately 100 million bushels The greatest increase has taken place during 
the past decade, the area of land under wheat for grain rising from 6^ million 
to 7i million acres, and the production from 50 million to 100 million bushels 
The factors mainly responsible for this increase are the opening up of lands 
hitherto regarded as unsuitable for wheat culture, the adoption of labour 
saving machinery and improved methods of culture, and the introduction of 
improved varieties of wheat 

Hitheito, attention has been mainly directed to the improvement in the 
plant’s environment, as contrasted with the improvement in the plant itself 

The future magnitude of the wheat industry of Australia depends on the 
extent to which lands lying outside the existing margin of cultivation can be 
profitably farmed These are the semi and areas, and, to make them fully 
productive, drought resistant prolific types are urgently required 

In the three principal wheat States, New South Wales, Victoria, and South 
Australia, wheat breeding is an important activity of the local Department of 
Agriculture Each State has a central station at which wheat breeding is con 
ducted, and subsidiary farms at which new selected cross bred varieties are 
tested At these centres considerable progress h is been made in the production 
of more prolific types by — 

(1) The isolation of pure strains and mutants of high yielding capacity from 
the locally grown types , 

(2) The deliberate improvement of existing types by individual and mass 
selection , 

(3) The introduction and acclimatisation of foieign wheats, 

(4) The improvement of selected local types by intercrossing and by crossing 
them with acclimatised foreign types 

A summary of this work was submitted 

Farrer has conclusively demonstrated by cross breeding that the production 
of varieties of high prolificacy, of high milling and baking quality, and of a 
high immunity from disease, is a practical certainty The varieties ‘ Federation * 
‘Bobs,’ ‘Cedar,’ and ‘Comeback,’ ‘Florence’ and ‘Genoa,* may be taken as 
illustiations in point 

There is reason for believing that the drought resisting qualities of proved 
Australian varieties could be greatly increased by using as foundation stocks 
wheats grown for generations under extremely and conditions Certain crosses 
of Durum and Indian wheats with prolific local types have resulted m the 
production of early maturing, spare stooling, drought resistant types bearing a 
high proportion of grain to stiaw 

Modern genetic research has thiown considerable light on the mode of 
inheritance of certain unit characters in wheat, but most of the characters 
hitherto studied are of little practical importance The practical objectives 
from an Australian standpoint are the raising of prolific, drought resistant, 
early maturing types, immune from fungoid diseases To these may be added 
strength of flour and high milling quality We require to determine what are 
the vaiious factors on which these important qualities depend, their mode of 
inheritance, and how they cm be brought under control and associated together 
at the breeder’s will 


TU BSD 4.1, AU(WST 25 

Joint Discussion with Section B {Chemistry) on Metabolism, opened by 
Professor H E Armstrong, F R S 

Professor Armstrong In the time at disposal only broad issues could 
be considered Many attempts had been made of late years to prove that 
formaldehyde is the initial product of assimilation Apart from the unsatis 
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factory character of the e\idence adduced, proof that it is piesent in the h\ing 
plant can never be proof that it has been foimed in the up grade process of 
assimilation, as there is reason to believe that it is a constant product of down 
grade metabolism Howe\er formed, its properties are such that it can never be 
present in more than minimal quantities, moreover, the fact that proof cannot 
be given that it is formed initially is of little consequence, as it is scarcely 
lequired, there being no other way apparently of accounting for the assimilation 
of carbon dioxide except the assumption that it is initially reduced to formic 
acid and then to foimaldehyde As to the manner in which carbonic acid under 
goes reduction in plants, it is probable that watei is ‘ electrolysed * under the 
influence of light and chlorophyll, the one product being oxygen, which is 
evolved, perhaps, under the influence of a catalase, the othei hydrogen, which 
IS gripped temporarily by the chlorophyll and then used in reducing the carbonic 
acid To assign a secondary part to chlorophyll and to regard iron salts as 
the primary agents, as Moore has done, is to overlook all that is known of the 
former substance and of the function of iron salts 

To account for the formation of optically active dextroglucose in the plant, 
to take only one example, it is necessary to suppose that the polymerisation of 
formaldehyde is a directed process probably it is formed against a sugar 
template, maybe under the influence of an enzyme The enzymes, in fact, are 
to be regal ded not only is hydiolysts but also as the pnmary formatne agents 
of all directed metabolism The manner in which they act leversibly may be well 
illustrated by lefeience to the behaviour of lipase (C iu\es weie exhibited 
showing the manner in which the synthetic ind hydroljtic activities of lipa«e 
come to an equilibrium in presence of vaiious amounts of watei , it is most 
effective as a synthetic agent in the absence of water i small pioportion of 
water having a great effect m i educing the synthetic actuit^ of the enzyme 
The enzymes are rigidly selective agents They appear all to be colloid 
materials, and therefore cannot be legarded fiom the sime point of view as 
oidinary h>drolytic agents such as the acids, much confusion has been claused 
by the intioduction of complex mathematical cxinsiderations in explanation of 
their action Apparently they act at approximately linear rates, but as one oi 
more of the products of change exert a letaiding influence, the ippiient late of 
change is more nearly of a logarithmic order 

Though starch is the fiist obvious pioduct of assimilation, theie is no reason 
to suppose that it is a necessary stage in the formation of the othei carbohydrates 
met with in plants, as in monocotyledons and not a few other plants it only 
occurs in the guard cells and then only in minute amounts Brown and Morns 
have, in fact, argued that cane sugar is the pnmary product of carbohydrate 
metabolism A very thorough study of the problem is now being made at 
Rothamsted by Mr Divis and others which promises to be of importance, 
especially as particular care is being taken to devise accurate methods of 
analysis In no case has starch been found in mangold leaves except at a \ ery 
early period, though cane sugar is always present together with inveit sugar, 
apparently cane sugar wanders directly from the leaf into the bulb , maltose has 
never been detected, though specially looked for, so that it is probable that cane 
sugar IS formed directly, not from maltose 

Reference was made to the great importance to the agriculturist of exact 
methods of analysis and of knowledge based thereon of the composition of 
fodder crops it was to be supposed that much could be done to improve the 
quality of the various crops if once the general character of their metabolism 
were established Improvements in the methods recently effected at Rothamsted 
were then briefly described — particularly the method which Mr Davis had 
introduced of estimating starch with the aid of Taka diastase, whereby a mix 
ture of maltose with glucose is produced instead of a mixture of maltose 
with dextrins of uncertain properties To determine maltose with accuracy, 
Mr Davis uses yeasts which were known to act selectively on this sugar 
{Saccharomyces extguu^, S Ludwtgtt, &c ) Incidentally, in the course of this 
work, the important fact has been established that yeasts which do not hydro 
lyse maltose also cannot assimilate, the contrary results of previous workers 


1 Cf Armstrong and Gosney, Proc Boy Soc Series B, 1914 
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are to be explained by the presence of a protein impurity in the maltose used 
With the aid of such yeasts it has been possible to show that even in plants 
such as the Potato, the Turnip, and the Nasturtium, which contain much starch 
in their leaves, maltose is never formed as a down grade product of metabolism 

Professor Armstrong took exception to Dr Petrie’s conclusion that certain 
plants contained hydrogen cyanide in the free state he regarded its presence 
as an impossil^ility and thought that probably in such cases the glucoside and 
enzyme were not separated so effectively as they are in most plants, so that 
they came together very readily on the cessation of metabolism 

(i ) Feeding Slati<ittcs and Starch Equivalents 

By Piofessor T B Wood, M 4 , and G Ud\y Yule, M A 

The authors have made a statistical study of the results of about 400 feeding 
trials collected and tabulated for the Highland and Agricultural Society by 
H Ingle 1 The trials were all carried out with oxen or sheep in Great Britain 
before the year 1907 Some of them go back to the year 1839 Examination 
of the results has yielded the following conclusions — 

1 When the diet of oxen or sheep is increased above maintenance require 
ments the law of diminishing return asserts itself, and successive increases in 
the diet do not produce proportional increases in live weight 

2 As the diet is increased above maintenance requirements a am iller proper 
tion of each successive increase is converted into live weight, and consequently a 
larger propoition is lost as heat 

d When oxen or sheep in store condition are given a diet which supplies 
considerably more food than is required for maintenince the proportion of the 
excess of food above maintenance requirements which is converted into li\e 
weight continuously falls as fattening proceeds 

4 From the above conclusions it follows that there is not a direct proportion 
ality between the amount of food above maintenance requirements calculated as 
starch equivalent and the live weight increase produced 

5 The figures from which Kellner’s starch equivalents were calculated show a 
direct proportionality between the amount of starch equivalent above mainten 
ance requirements and the live weight increase produced 

6 The discrepancy is explained by the fact that Kellner’s results were 
obtained b^ feeding animals in store condition for short periods during which 
they iievei approached what the butcher calls ripeness, whilst in the British 
trials the animals were fed for several months until they were ripe for the 
butchei 

7 It IS by no means rare to find individual oxen which on an average fatten 
ing ration of 8 5 lb of starch equivalent above maintenance requirements make 
dally live weight increases as large as 3 lb or as small as 1 lb The former 
should give out 17,000 cal per day, the latter 22,000 cal per day, a difference of 
about 25 per cent It should be possible to detect differences of this order by 
measurements of skin temperature 

(ii ) Fatlemnq Capacity and Shn Temperature 
By Piofessoi T B Wood, M A , and A V Hill, M A 

The authors have measuied the skin temperatures of eighteen oxen which had 
been on a fattening diet for ten weeks at the Norfolk Agricultural Station 
The measurements were made by means of a thermopile connected to a sensitive 
galvanometer The following results were obtained The average &kin tern 
perature of eight animals which had during the last three weeks made average 
daily increases in live weight of 2 7 per head was 69 scale divisions above air 
temperature The average skin temperature of five animals which had during 
the same period increased less than 8 lb per head per day was 78 scale divisions 
above an temperature The good doers had cooler skins than the bad doers by 
nine scile divisions, which coriesponds to approximately 3° C 

1 Jour High and Agr Sor , 1909^ 1910 
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Further discu^^sion — 

Prof W A Osborne Investigation of skin tempeiatures has a quite 
different significance when the shade temperature of the an is equal to the 
normal temperature of the animal In this case, even in the driest skinned 
animals the skin temperature is generally below that of the air When the 
shade temperature of the air is higher than that of the animal the skin tempera 
ture mav be higher than that of the internal organs 

Thickness and texture of coat and thickness of skin are factors of some 
importance 

Prof B Moorf In the photosynthetic processes by which aldehyde is first 
formed the association of colloidal iron salts with the colourless organic portion 
of the chloroplast plays a distinct part The metabolic conversions occurring in 
plants and animals from one type of carbohydrate to mother are not difficult to 
account for by simple enzyme action because the energy charges are so slight, 
but the synthesis in the metabolic processes of protein and fat from carbo 
hydrates requires a linkage and co ordination of an endothermic with an 
exothermic reaction, such as has never been observed with a simple enzyme For 
such synthesis an adsorption of enzymes into the cell protoplasm is lequired so 
as to futiMsh a colloidal regulating mechanism able to alter its activities from 
one time to another, and to build up or break down accoiding to the demands 
of metabolism 

In certain invertebrates and fishes there is an excessively low rate of 
metabolism, and a i datively enormous portion of food energy is thrown into the 
metabolism of the sex organs in such animals, as compared with the somatic 
metabolism 

Mr G P Darnell Smith The first visible product of assimilation in 
plants is starch, and the absence of visible starch in a plant does not show 
that it IS incapable of forming it, but that its metabolic processes and its rate 
of translocation are so rapid that there is no need fox starch to be deposited 
For starch is to be regarded, not as a first product of assimilation, but as a 
substance that is thrown down temporarily by rapidly assimilating plants until 
such time as the plant is able to deal with its translocation Brown and Morns 
legarded cane sugar as the first product of assimilation, but a critical examine 
tion of their experimental lesults fails to carry conviction 

As regards enzyme action confusion is introduced by comparing it with, for 
example, the rate of hydrolysis produced by acid It has to be remembered 
that an enzyme is a colloid, and that the action of a colloid is determined by its 
previous history Unless the previous history of a colloid is known, its 
action cannot be predicted , hence a portion of any particular colloid under 
paiticular conditions will act in a different mannei from another poition of the 
same colloid (but with a different previous historv) under the same particular 
conditions 

Mr D McAlpine The question whether chlorophyll has any action in the 
green plant in the absence of sunlight is uncertain Its photosynthetic activity 
IS probably slight, yet it is found where sunlight could not possibly penetrate, 
as, for eximple, in the so called fruit of the yew, the seeds of the lemon, and in 
the conducting parenchyma throughout the tissue of the apple 

(in ) The Distnhutian of Nitrogen in the Seed^ of Acacia Pycnanthn 
By Dr J M. Petrie and Dr H G Chapman 

The seeds of a pycnantha which have been dried in the air contain 4 5 per 
cent of nitrogen If the testa be removed the seed contains 5 5 per cent of 
nitrogen The nitrogen is present partly as protein and partly as various organic 
compounds 

The nitrogen present as protein forms 55 per cent of the total nitrogen The 
protein soluble in water contains 26 x)er cent of the total nitrogen , that soluble 
in 10 per cent NaCl 13 per cent of the total nitrogen, and the remainder 
could not be extracted Protein soluble in alcohol is absent Protein coagu 
lable by heat contains 10 per cent of the total nitrogen 

The nitrogen present after precipitation with 80 per cent alcohol amounts to 
45 per cent of the total nitrogen 
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Of the non protein nitrogen, 10 per cent is diiven off by distillation with 
magnesia and 18 per cent is precipitated by phosphotungstic acid 

After hydrolysis of the solution of non protein nitrogen with dilute acid for 
two hours, the amount of nitrogen distilled over with magnesia is 10 per cent of 
the non protein nitrogen, but if now the hydrolysis be repeated another 10 per 
cent of the non protein nitrogen disiils over If hydrolysis be long continued, 
the amount df nitrogen that can be distilled over with magnesia rises to over 
30 per cent of the non protein nitrogen 

If the non protein solution be hydrolysed for two hours with dilute acid, then 
nitrous acid liberates nitrogen corresponding to 66 per cent non protein nitrogen 
If, howe\er, the hydrolysis be lepeated long enough the liberation of nitrogen by 
nitrous acid diminishes to zero 

With Sorensen’s method of titiaiion no fixation of formildehyde by ammo 
groups occurs 

The attempts to isolate amino acids invariably lesulted in the discovery of 
traces 

The amount of purin nitrogen present is small, less than one per cent 


The following Papeis were then read 

1 Bacterial Toxins in Soils By li Giuig Smiiii, D Sc 

If the soil watei is considered as a medium foi the growth of bactciia, it 
should contain not only the nutiients that favour bacteiial giowth but also the 
waste pioducts of their vital activity And if we reason from what we know 
about the growth of bacteria in other media, we should expect that some of 
these waste products are injurious to the bacteria producing them Further 
moie, m a mixed floia, ceitain gioups should produce mjuiious substances in 
greater amount, and these should differ in degiee in then action upon bacteiia 
of their own gioup oi of othei gioups For convenience, these injurious sub 
stances aie called toxins Ceitam investigators deny the presence of toxins 
in soils, although they admit the piesence of inhibiting substances It is 
difficult to account for the disci imination 

The multiplication of bacteria in the soil will among other conditions depend 
upon the relative preponderance of the nutrients over the toxins, and, with 
the othei conditions lemaimng constant, an ultimate equilibrium should be 
established between the nutiitive and the toxic effects An alteiation of the 
other conditions will distuib the equilibiium, and the bacteiia will inciease oi 
decicase until anothei balance is established 

In demonstrating the piesence of bacterial toxins in soils, I have made use 
of aqueous extiacts of soils which aftei filtering thiough poious poicelain have 
been seeded with known quantities of bacteria Generally, Bac yrodigio^us has 
been employed as a test oiganism It is moie sensitive than mixtuies of soil 
bacteria, and is easily grown, detected, and counted Tests have shown that 
ixtiacts which destioy Dac prodiqio^us letard the growth of mixed soil bacteiia 
We aie justified in considering that an extract which destroys Bac 'produftobus 
IS also capable of destroying some of the soil bacteiia 

The bacterial toxins are not always easily demonstrated, as they ire fie 
quently overshadowed by the soil nutiients, but investigation has pointed out 
some of the conditions undei which they may not be expected to show a diiect 
action in soil extracts For example, they are destroyed by exposing the 
soil to the sun, by heating the soil, by storing the soil in the air dry condition , 
they decay rapidly in aqueous solution, and are destioyed upon boiling They 
are soluble in water and are washed out of the soil by ram Direct evidence 
of their presence should not, therefore, be expected in and soils, in soils during 
a drought or in soils after ram Much of the so called fertilising effect of the 
sun may be due to the destruction of the soil toxins Indirect evidence of their 
presence is easily obtained bv boiling the soil extract, seeding it with bacteria, 
and comparing the growth with that obtained m the unboiled extract A 
greatly inci eased growth of bacteiia is usually obtained m the boiled extract 
A diiect diminution is only obtained under certain conditions These have 
not been fully investigated, but enough has been done to show that one of 
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these depends upon the latio of the soil to the water used for extiaction 
Equal paits of soil and water — that is, 100 grams of soil and 100 c c of water — 
generally give the maximum toxic effect 

The toxic effect is not evident after lain, but becomes pionounced aftei a few 
days of dry weathei Similarly, a soil which has been extracted with water, 
and found to be toxic, will, upon furthei extiaction, give a nutritive extiact 
If the same soil, after extraction, be incubated at 22° for some time and then 
extracted with water, the extiact will be found to be toxic Thus toxins aie 
developed upon incubating a nutritive soil 

While the extracts of soils show an enhanced nutritive effect after boiling, 
those of the subsoil become more toxic It appears, therefoie, that there aie 
at least two kinds of toxins in soils — one, predominating in the soil, is thermo 
labile, the other, predominating in the subsoil, is thermostable 

The action of the volatile antiseptics upon soils is to so altei them that, while 
before treatment they yielded extiacts directly bacteriotoxic, after treatment the 
extracts became nutiitive Thus the partial steiilisation of soils, whether by 
heat or by volatile antiseptics, causes them to give extracts, in which there can 
develop a greatei number of bacteria 

2 A Review of Work on Soil Inoculation 
By J Golding and H B Hutchinson 

Since the introduction of pure cultures of nodule bacteiia foi soil inoculation 
by Nobbe and HiUnei in 1895 a vast number of field experiments has been 
carried out in different countiies and with a great vaiiety of inoculating 
material 

The results of such experimental work were in the fiist instance most 
discoui aging, and it is only within the last few years that the conditions detei 
mining success or failure have been adequately recognised During this time 
the relations existing between the host plant and the nodule organism and 
between the organism and artificial media used for cultivation in the laboratory 
have been studied in detail, and in the light of these investigations it is not 
surprising that failure attended much of the preliminary and often haphazard 
field work Experience has shown that it is not sufficient to ha\e a pure and 
active culture in order to attain success in soil inoculation, but that the soil 
itself shall be suitable for the growth and continued existence of the introduced 
organism, and that the supply of mineral nutiients shall not be the limiting 
factor in the growth of the plant Liming has been required in many cases, 
and with a propei recognition of the now known essential conditions the number 
of successful cases of inoculation trials has steadily increased during recent years 
Comparative work with pure cultures and inoculation by means ot soil which 
has previously carried a specified leguminous crop have shown in the majority 
of cases the supenoiity of the latter, and cultivation in the laboratory has 
latterly included the use of soil media or soil itself, since the organism appears 
to retain its power of infection to a greater extent in this than in other media 
The use of pure cultures possesses advantages on the score of cheapness and 
convenience, which are sometimes of distinct value, and recent woik especially 
has shown the danger attending transference of plant diseases in soil used foi 
legume inoculation The relations attending infection of the plant and subse 
quent mutual existence are very complex, and future experimental work in 
preparing cultures must aim at reproducing these conditions in order to permit 
of the production of cultures in active growth and possessing great virulence 
Such work, however, involves accurate scientific control if it is to be of 
permanent benefit to science and agriculture, and in itself would tend to check 
the production of commercial cultures of doubtful origin and hypothetical value 

3 The Effects of Caustic Lime and of Chalk on Soil Fertility 
By H B Hutchinson and K MacLennan 

Bacteriological, chemical, and pot culture investigations with the two forms 
of lime have shown their action on the soil to be essentially different The 
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former possesses the essential properties of a mild antiseptic^ and if applied in 
sufficient quantity is capable of ^vmg rise to the usual phenomena of partial 
sterilisation When this point has been reached there occurs an initial decrease 
in the numbers of bacteria, followed by large increases, the larger forms ot 
soil protozoa are killed, and there is a cessation or limitation of nitrate formation 
The form of available nitrogen m such soils is largely that of ammonia, which 
leads to increased nitrogen content of plants growing in such soils 

Both abovte and below the partial sterilisation point the return of nitrogen 
as ammonia and nitrate within the first year is directly proportional to the amount 
of caustic lime applied, and if not assimilated by the crop is liable to loss by 
leaching before the following crop appears This is advanced as an explanation 
of the unfavourable results sometimes observed in practice after heavy applica 
tions of caustic lime Lime in this form and about the partial sterilisation limit 
may be used for the suppression of insect pests in the soil In common with 
chalk or limestone it also serves to correct an unfavourable reaction of the soil, 
thus ensuring more vigorous bacterial and plant growth 

Three new methods have been worked out to ensure better control of the use 
of lime in field practice (a) the determination of soil carbonates, (6) the deter 
mination of the amount of caustic lime necessary to induce pirtial sterilisation, 
and to indicate the limit to which this loim of lime can be applied without 
adveisely affecting the following crop, and (c) the estimation of the lime require 
ments of soils for purposes of neutralisation, whether by means of caustic lime 
or carbonate 

While the estimation of soil carbonates may provide useful information in 
some cases, the authors wish to lay especial emphasis on the desirability ot 
determining the lime requirements of the soil, since a soil may contain only 
trices of caibonate and still not be in need of lime ipplications 


4 The Estimation of Condition in Cattle J A Murray 

In this paper it was argued 

(1) That the verbal terms — fat, half fat, &c — used to describe the condition 
of cattle are vague and indefinite 

(2) That all the varying degrees of condition can be expressed only by numerical 
values 

(3) That condition is measured by the ratio of live weight to size 

(4) That the size may be determined by the usual measurements of length and 
girth 

(6) That the girth must be that of the animal in store condition Under any 
other circumstances some allowance must be made for the increase in girth due to 
fattening 

(6) That the condition of typical store ammals should be taken as 100, and that 
of others pro rata 

The arguments are embodied in the formula — 

^ ^ 424 4 M 

where 0 is the condition, M the live weight (in pounds), and g the length and girth 
respectively (in inches) 

This formula is at present tentative, and is merely intended to show that the 
thesis is capable of practical application The chief difficulty in the way of developing 
it IS the unreliability of the accepted methods of measuring length 

The paper was therefore mamly a plea for co operation of cattle experts with a 
view to (1) agreement in regard to the methods of measurement, (2) accumulation 
of data relating to different types of animals 



670 


TRANSACTIONS OF SECTION M 


Brisbane 

FBlDAYy AUGUST 28 

The President delivered the following Address — 

The fact that this Address is to be delivered m the capital city of a State in 
which semi tropical, and even tropical, conditions prevail suggests some con 
sideration of the future of countries in which vegetative development, and 
theiefore the production of food, can attain such a level as is possible here 

At the outset let me remind you of two prime facts in the natural history of 
man In the first place all civilisation is based upon food supply, no other 
industry is creative, and the wealth of a community might almost be measured 
by the amount of time that remains at its disposal after it has secured, either 
from its own land, or by exchange, the food it needs to live upon Secondly, we 
must look forward at no very distant date, as the life of nations goes, to the 
exhaustion oi those capital stores of energy m the world — coal and oil — on 
which the current industrial system is based How long the stores may last 
IS a matter of dispute, but 500 years is a liberal estimate, and we can be pretty 
sure, in a world in which prophecy is notoriously unsafe, that nothing remains 
to be discovered which can take the place of those savings from the energy of 
bygone epochs that are represented by coal and oil With the passing ot 
industrialism the importance of agriculture will grow, and while the world as a 
whole will still be able to support the same number of people as are fed bv 
agriculturists of to day, great readjustments of the population will have to 
be effected, according to the productive powers of the land in each country 
bhould population continue to increase, and the spread of organised and stable 
government ensures that it will grow, there must come a demand for the better 
utilisation of the land, and for a higher production of food than at present 
prevails , indeed, even in the last few years symptoms of this increasing demand 
for food have been in evidence 

Let us see what the land can be made to do at the present time in the way 
of supporting population, and for that we must turn to the East, where long 
experience of the art of intensive agriculture goes hand in hand with an 
optimum climate and a population of maximum density Rural Japan is 
reported to carry a population of 1,922 to the square mile, entirely supported 
by agriculture, but maintaining in addition its quota of officials and indus 
trialists Even this number is exceeded m China, where a farm of two and 
a half acres will support a family of eight to ten people, and where, in some 
special cases, as on the island of Chungming^ the population living wholly on 
the land may use nearljr to 4,000 per square mile Compared with these figures 
the density of population on Western land is trifling The United States is 
said to maintain no more than 61 per square mile of its cultivated land, 
England something over 90, Ireland about 120, and Belgium, perhaps the most 
intensely cultivated of European countries, not more than 200 per square mile 
of cultivation Now, these enormous densities of rural population are accom 
panied by a very low standard of living, the people, if strong and healthy, exist 
on the very margin of sustenance To take a cash standard, an experienced 
rural labourer in China cannot command more than 6d a day, on which he will 
support a family But for this small pay of 6d a full day’s work will be 
obtained indeed, such a day’s work as the white man would find it almost 
impossible to give under the climatic conditions prevailing 

Such a state of continuous toil seems to be the necessary outcome of an 
individualistic system of farming m countries with no great industrial outlets, 
wheie the pressure of an increasing population results in continued subdivision 
of the land Of its kind Chinese agiiculture is magnificent, as far as one can 
judge from the accounts, the land is made to do an extraordinary duty, bearing 
two or three full crops a year , waste is non existent, and long experience has 
taught the farmers to anticipate in practice some of the most recent discoveries 
of science in the way of conserving and recuperating the fertility of the soil 
Though no statistics are available, the land seems to have been raised to its 
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highest level of productivity per acre, just as it has attained its maximum 
population carrying capacity 

Now the Australian^ like other farmers in new countries, is often reproached 
for the low yields per acre that he obtains— 10 to 15 bushels of wheat per acre, 
as against 32 in England, and rathei more in Holland and Belgium Unfavour 
able as is this comparison of Australia with Europe, still greater appears the 
superiority of China and Japan, though it cannot be reduced to statistics But 
the Australiali quite rightly replies by setting up another standard of com 
parison , not the production per acre, but the production per man is his 
criterion, and on this basis the Australian farmer takes a very high position 
indeed Against the productivity of the land when labour is unlimited he 
opposes the ideal of the productivity of the man when aided by machines and 
unlimited land 

Organised large scale farming suppoits far moie people than the labouiers 
actually employed on the land, it buys machines and raw materials like 
fertilisers, it pays rent and makes piofiis, all of which go to the support of other 
people, who are at bottom fed and maintained by the production from the land 
I have calculated that the most highly cultivated farm with which I am 
acquainted in Britain, a farm selling merely meat, potatoes, and corn, would 
actually support people at the late of over 1,000 pei square mile, if they weie 
to live at such a low subsistence level as that of the Oriental small farmers 
The standard of living that in fact prevails is of course very different, but 
neveitheless, when all the exchanges of commodities and services against food 
are completed, that square mile of highly organised farm land is the ultim ite 
suppoit of a population compirable with that resident on Eistern land even 
though the number of people actually tilling the soil is small enough 

But even if the number of people maintained by a given area undei Western 
conditions is fai greater than would appear from those employed in ciiltiv itiiig 
the soil, there must come a time when the pressure of an inci easing population 
will necessitate a much higher agricultural efficiency m the way of production 
of food pei acre Now, if we attempt to meet this pressuie by subdivision 
of the land, attracted by the specious appearance of a large population sup 
ported on the soil, the operation of competition will force them down to such 
a low standard of living as we find in China and Japan A large number of 
men on the land does not necessirily make for more food for the community, 
because in practice we find that the standard of cultivation and pioduction 
pel acre of the small holder is actually below that of the larger farmei in the 
same class of business For eximple, one thousand acres might bo cultivated 
by twenty men, so as to pioduce as much food as if it were divided up and 
made to carry 200 men on five icies apiece, the community, considered as a 
whole, 18 richer in the former case by the libour of 180 men, labour that can 
be devoted to the production of other articles which the small holders would 
have to go without Clearly, if twenty men can grow a maximum of food on 
the thousand acres, it is meic waste to employ 200 men about it, though, at 
first blush, in the latter case, the land seems to be carrying ten times more 
men The only question is whether the intensive cultivation, which is moie 
or less forced upon the two hundred holders of five acres, can be obtained when 
the area is cultivated, as a whole, by only twenty men There is no lack of 
evidence that it can, but the means by which such large scale farming can in 
the end beat mere grinding human labour, is by utilising to the full all the 
resources of science, machinery, and organisation In fact, when the world 
becomes fullv populated, the application of science to agriculture is the only 
method bv which the community can be saved fiom falling into the Oi rental 
condition of a community of labourers working incessantly for a bare subsistence 

Now, we may ask ourselves what remains for science to do towards the 
improvement of agriculture Practically everything Agriculture is half as old 
as man , centuries of experience, of trial and error, of slowly accumulated obser 
vations, are bound up m the routine of the commonest cultivation of the soil , 
the science applied to agriculture is at the outside little more than a century 
old, and so far has only partially succeeded m explaining and justifying existing 
practices It is still in the reign of first approximations to the truth, these 
specious first approximations which so regularly break down when applied to 
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the real thing on a large scale, where the second or even the third terms reallv 
dominate the issue The farmer as fond of reproaching the scientific men with 
the discrepancy between theory and practice , there should be none if the theory 
IS complete, but in such complex matters as the growth of plant and animal we 
aie yet very far from being able to bring into account all the factors concerned 
A shipbuilder, foi instance, having built to a certain speed and measured off his 
distance on the map, may reckon on making his port on a certain day , he finds 
himself wrong, because of the existence of a current which takes a knot oi 
more off his speed His theory was not wrong, only incomplete h idler know 
ledge may map the currents and their velocity, but even the new calculation may 
be put out by some unexpected weather factoi Now the growth of a plant is 
determined by an infinitely more numerous and less measurable senes of factors 
than the speed of a ship small wonder then that the calculations based upon 
them are apt to be so erioneous 

Imperfect as is our knowledge, yet we have piogiessed lai enough to see in 
what directions fruitful work may be done, and may plan our campaign of 
research In connection with the soil, for example, the big pioblem is probably 
the prevention ol the waste that goes on at an increasing late as the soil becomes 
more eniiched by the accumulation of oigatiic matter Many soil bacteria, as 
we know, deal with the compounds of nitiogen iii the soil so as to set liee 
iiitiogen gas from them, all of which actions aic sheer waste ot the most 
valuable constituent of the soil, and to such an extent does this change take 
place that we cannot, as a lule, expect to lecover in the ciop moie than one 
half of the nitrogen contained in farmyard manuie applied to the soil Wheie 
the soil IS rich, and a high le\el of production is being ai lived at, the pei 
centage of waste may be even gre itei , f oi example, on the Bothamsted wheat 
plot, which has leceived 14 tons of dung eveiy year, only ibout one quarter 
of the nitrogen applied in the manure has been recovered in the ciop, and less 
than a quarter remains stored in the soil When a bundled pounds of nitiate 
of soda pel acre is applied, neaily the whole of the nitiogen it contuiis will 
be recovered in the increased ciop, with an application of 200 lbs there miy 
be a waste of 25 per cent of the nitrogen, with still gi eater losses is the appli 
cation IS incieased The loss is not due to meie wishing out of soluble 
materials, because it is greatest when the nitrogen is applied in oiganic manuies 
Undei existing conditions, high pioductivity in the soil is issociited with i 
high rate of waste, and nowheie is this moie marked thin when cultivation is 
carried on under tiopical conditions, so that one ot the chief difficulties ot 
tropical and semi tropical agriculture is to maintain the stock of humus and 
nitrogen in the soil An illustration of the waste thit so often goes on in the 
soil is furnished in the practice of the cultivators under glass in England hor 
the growth of cucumbers and tomatoes they are iii the habit ot making up a 
very rich medium, half soil and half dung, but after a veiy few crops they aie 
no longer able to use this mixture profitably, but must throw it away and renew 
their beds, though the rejected soil is still extiemely rich in the elements of 
plant food The recent investigations at Bothamsted have shown that the 
fertility of this ‘ sick ’ soil can be restored by merely heating it for in hour or 
two to a tempeiature approaching that ot boiling watei, the cost of which 
operation is considerably less than that of renewing the soil In this case the 
uselessness of the used soil appears not to be due to thdT destruction of the 
nitrogen compounds, but to then retention an a condition unavailable for the 
plant The nitrogen compounds have to be broken down to ammonia or nitrates 
Wore they can feed the plant, this process as effected by ceitain groups of 
bacteria, the numbers of which are limited in the sick soil bv the excessi\e 
development of another group of soil organisms — protozoa, amoebae, &c , that 
feed upon the bacteria 

We are only just beginning to take stock of all the changes an the soil 
materials that are effected by living organisms, some necessary, some com 
petitors with the plant, some wasteful, the ultimate problem is to bring these 
processes under control in the field as well as in the laboratory The antiseptic 
treatment of the land at large, in the way in which we can now clean up soils in 
pots, may seem an impossible dream, but not more impossible than the pro 
duction of a heavily yielding weedless field of wheat would have seemed to 
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primitive man Already much may be done to set up a better miciofloia and 
fauna in the soil by improving its physical conditions The good effects of such 
processes as liming and drainage are largely due to the encouragement that is 
thereby afforded to the valuable organisms Soil inoculation with such neces 
sary bacteria as those which fix nitrogen when living in the nodules on the 
loots of leguminous plants ha«t been widely attempted, but with very little 
practical success The failures have generally been due to the fact that soils 
from which tlje nodule organism is absent are without it because of some 
chemical or physical defect , it is not sufficient merely to seed it with the 
organism , the soil itself must first of all be brought into a fit state to maintain 
its existence The best of grass seeds would be wasted unless the land on which 
they arc sown is first made clean and feitile The amelioiation of soils on 
their physical side, by bringing clay and silt to the sands, sand and coarse 
pai tides of various kinds to the clays, will eventually be taken up on a gieit 
scale, now that engineering has made it possible to move earth ^\holesale by 
cheaper means than by primitive spade and cait I ha\e seen i cold cl ly 
carrying miserable pastuie converted into good market garden land by nothing 
moie thin the applicition of a thick layer of town refuse and ashes, only 
organisation is needed to make such processes economic, even when the imme 
diite, and not the ultim ite, return is reckoned 

Fiom the point of view of manures wo shall have to look foiwaid to an 
iiltimite scdicity of nitrogenous fertiliseis, the exhaustion of sodium nitrite is 
only a question of time, the present souices of sulphate ot ammonia will dis 
appeal with the coil, and the watci power which is now giving us mil ate of 
lime and lyanamide will then be too precious to be used in making fertilisers 
E\en if the new piocess for the synthesis ot immonia pioved as economical 
as IS expected, we ought atill to depend upon the natural processes of nitrogen 
fixation, and make the faim self suppoiting as regards nitiogen at i high le\el 
of production The clover crop in the lotation usually followed in England 
will, undei piesent conditions, gathei in enough nitrogen for the growth of 
about twenty four bushels of wheit to the acre, m equil quantity of biiley, 
and twelve tons of turnips How cm we similarly maintain i)roduction at a 
level of forty bushels of wheat, with other ciops in pioportion, >et without my 
nitrogenous fertiliser from outside’ 

A more immediate problem of the sime kind is before the investigatoi , all 
aiound oui gieat cities exist great maiket gardening industiie&, which have been 
built up by means of the cheap supplies of stable manure that weie to be obtained 
therefrom The market gardener close to London and as far afield as Bedfoid 
shire, rendtied thin sands and gravels fertile by using foitj^ tons or moie of 
London dung eveiy year, but the advent of the motoi tai has curtailed, and will 
eventually put an end to, that supply, m which case how is the market gardening 
to be cained on’ Nitrogen compounds and the othei bare elements of plant food 
cm be bought, but humus is also necessary to get these thin soils to yield a 
uopei growth, what needs to be worked out is the cheapest and most effective 

y of utilising leguminous green ciops and the other nitrogen fixing organisms 
of the soil to maintain the fertility of such land, keeping in view the fact that it 
cannot be thrown out of productive cultivation for any length of time What is 
needed is not a field experiment merely, but a discussion of a whole system of 
cultivation on the economic as well as on the scientific side This suggests the 
general consideration that economic research in agiicultuie is still in its mfanev 
How often do we find close at hand two farmers, both good practical men, 
with entirely diveigent views on the rotation to follow or the management of 
then stock, one swearing by early maturity and a foicing diet, the other by 
cheap if slow production The advantage of one system over the other is not 
a mere matter of opinion and personal idiosyncrasy, it is possible to reduce it to 
terms of pounds, shillings, and pence The prime necessity is the application to 
farming of a system of costs book keeping, such as prevails in a well organised 
business It is possible to obtain such figures from a faim, the method is as yet 
perhaps too complicated for the ordinary farmer to follow, but as an instrument 
of investigation in the hands of a teacher at one of the agricultural colleges it 
may be made to yield results of great value both to the individual farmer and to 
all those who have to take more general views of agriculture 

1914 
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Returning to the purely scientific aspects of research, the whole of existence is 
based upon the fundamental process by which the green leaf utilises the energy 
of the light falling upon it to split up the carbon dioxide of the atmosphere 
and tran'^form it into those fundamental carbon compounds — sugars, starches, 
&c , which build up the substance of the plant The animal creates nothing , it 
IS only a transformer, and rather a wasteful one at that, of the compounds 
initially built up by the plant Now, thpugh the leaf is thus the prime creative 
force, it IS yet a comparatively ineffective machine for dealing with the energy 
contained in the light, for it does not succeed in storing up in the shape of plant 
materials it produces as much as one per cent of the energy that falls upon it as 
light, and in bright, tropical light the percentage utilised is even less A steam 
engine, given a certain amount of energy in the shape of coal, turns out again 
about one seventh of it in the shape of useful work , a gas or oil engine is an 
even more effective transformer Cm the duty of the leaf be increased so that it 
shall effect a greater production of dry matter for the amount of light energy it 
receives’ We know very little as yet about even the sequence of chemical 
changes in the leaf beyond the fact that we begin with carbon dioxide and water 
and end with oxygen and some soit of feugir, we are beginning to acquire know 
ledge as to the extent the late of change is affected by the supply of light, carbon 
dioxide, and watei, and by the tempeiature But we have now many examples 
in chemistry of reactions being speeded up or rendered moie complete by means 
of some adjustment of the external conditions, so it is peihaps not too much to 
expect that this fundamental piocess of carbon accumulation may also be tuned 
up until the leaf becomes of gi eater efhciency than at present in pioducing tissue 
from the mateiials and energy supplied to it 

Probably the most immediate successes aie before the plant bleeder, now 
that the application of the Mendelian theory has provided a method which 
lenders both speedy and certain the processes of crossing and selection wheieby 
the practical men of the past, woiking almost at haphazard, have already 
effected such enormous improvements in our cultivated plants Among cereals, 
the qualities in demand, quilities which we know to be obtainable, are resistance 
to disease, stiffness of straw, and a large migiation factoi We want to get rid 
of the plant doctor, as it were, spraying and other prevention or cuiative tieat 
ments are both costly and of limited efficacy , the desirable method is to keep the 
plant free of disease by means of a naturally resistant constitution, and by 
establishing healthy conditions of soil and nutiition As to stiffness of straw, 
the incapacity to stand up is probably the chief cause which limits the yield of 
corn crops in Biitain wherever the farming is high When a man keeps much 
stock, and buys cake either foi his bullocks, oi to feed to his sheep on the 
turnips, the land becomes so rich that the first corn crop will only stand up undei 
exceptionally favourable weather conditions, and the farmer, so fai from buying 
more fertiliser, cannot take full advantage of what is already in the soil The 
land IS often iich enough to yield 60 bushels of wheat to the acre, but it is 
exceptional that a crop of such weight will stand up so that it can be harvested 
by a self binder Mr Beaven, in this section, has already dealt with migration , 
clearly it is a matter of great importance to the plant breeder Though the 
details have only been worked out for barley, the different varieties of any culti 
vated plant, wheat for example, are veiy much alike as regards then gross 
productive power— i e , the whole mateiial grown weighs much the same in a 
dried condition Even different crops produce much the same amount of dry 
matter when grown under the same conditions, this gross productive power being 
in all cases the similar product of the environment — t e , the result arising fiom 
the supply of food, water, light, temperature, &c But granted that the different 
crops possess this same gross productive power, then their comparative usefulness 
depends upon the greater or less completeness with which they transform the 
crude material into products that may be used as food for man In the cereals, 
for example, we want as much as possible of the original stuff manufactured 
by the leaf to be migrated later in the plant's life into the seed, of the total 
weight of the crop we want the largest possible proportion to be high grade gram 
and not low grade straw Mr Beaven has shown that the various varieties of 
barley do differ constantly in their proportion of gram to straw, and as, without 
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doubt, the same differences hold for other crops, this is a matter which must 
be watched by the plant breeder 

Cereals are not, however, the only materials upon which the plant breeder 
has to work, indeed, they are already among the most advanced of our domes 
ticated plants, and the other farm crops require great improvement before they 
reach the level of wheat and oats Sugar beet affords a most interesti|ig case, 
by selection th§ percentage of sugar contained in the root has been raised by 
one half The total amount of material grown per acre remains, however, much 
where it was, because of the difficulty — the impossibility in fact as yet — of testing 
the yielding capacity of a seedling root, whereas its sugar contents can be 
measured with ease The same difficulty is seen among our other root crops , such 
improvement as has been effected in the mangold, turnip, &c , has chiefly been in 
the shapeliness and habit of growth of the root, these alone being the characters 
that are apparent to the selector dealing with a group of seedlings To some 
extent these may be correlated with total yield, but how little may be judged 
from the fact that the long red mangold, one of the very oldest varieties, is still 
the largest producer of dry matter and sugar per acre The comparative yield of 
cereal varieties may be tested by the growth of a few hundred plants under 
iigorous conditions, some similar method will have to be worked out for root 
and fodder crops, before the plant breeder can make much headway with them 
Granted such a method, the plant breeder has a fine, unexplored field before 
him in the leguminous and cruciferous fodder crops, and again in the fibre 
plants Commercial flax, for example, is an entirely heterogeneous mixture of 
varieties, which never appears to have been subjected to the most ordinary 
selection The fodder crops are matters of immediate importance, because the 
more intensive cultivation of the western side of Great Britain, where the high 
rainfall renders the growth of cereals a somewhat speculative industry, subject 
to loss at harvest and difficulties in the spring prepaiations for sowing, depends 
upon the elaboration of a system of farming based upon rapidly growing fodder 
crops At present these districts produce milk, meat, and store stock, mainly 
from grass land that gets but little aid from the cultivator The gross pro 
ductive power of such land is small, and under the plough can be enormously 
raised, but arable farming has hitherto been avoided, except at times of abnoimil 
prices, because of the risks attending harvesting With improved fodder crops 
in place of gram a moie profitable system of husbandry would replace the crops 
Again, a new country like Australia will have to evolve its own fodder crops to 
suit the climate, and its own soil regenerating plants 

Despite the fact that a given area of land will produce something like ten 
times as much human food of a vegetxble nature as of meat and milk, if 
mere powei of supporting life is considered, we mxy assume that the human race 
will not for a long time, if ever, turn to vegetarianism Absolute pressure of 
opulation, supposing the maximum has to be suppoited that the land can be made 
carry, would put an end to the preliminary conversion of vegetable into animal 
foud, but it IS probable that the dominant races will insist on remaining flesh 
eaters even if that necessitates the limitation of their own numbers However, 
the scientific man has at present little to say to this sociological question, his 
business is to make the animal a moie efficient converter of coarse vegetable 
fodder into high giade food Thit there is plenty of room for development in 
this direction may be inferred from the facts that Professor Wood has called 
attention to in the paper he has recently submitted to this Section What the 
grazier calls a good doer will lay on as fat and flesh twenty per cent of the 
energy it receives in its food as against seven per cent stored by a bad doer, 
here is an enormous margin for improvement if the average cattle are only 
brought up to the level of efficiency of the best No one has yet worked out the 
most economic rate of feeding foi different classes of live stock, the type of 
ration that will produce the largest amount of meat from a given weight of food, 
independent of the rate at which the increase takes place 

Granted the dependence upon research of the agiiculture of the future if it 
IS to meet the requirements of an increased population and a more advanced 
state of society, how can the required investigations best be organised^ We 
may take it for granted that in some form or other the State must find the 
funds , in this connection at any rate there are no prizes for the private worker 

X X 2 
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such as would make agricultural research a tempting, even a possible, com 
mercial speculation There is a very limited field for patents or royalties, the 
breeder of a new crop variety can only exploit it with success if he has some 
big commercial organisation behind him, and even then a very few seasons 
place it in everyone’s hands The solutions to most of the great outstanding 
problemi| which I have outlined above could not be sold at a pnoe, however 
much they might improve the output of every farmer Indeed, there is thi« 
character about the advances which science may make in agriculture, and it 
explains the lack of interest in research exhibited by many hard headed farmers, 
that the benefit comes to the community rather than to the individual Farmer 
IS competing with farmer, and if production is raised all round the price is 
apt to drop correspondingly, so that shrewd men who are doing very well as 
things are, are very content with their limited vision, provided the general 
Ignorance remains unenlightened However, we need not argue this point , every 
civilised country has accepted the necessity of maintaining agricultural research , 
even Great Britain, the last home of go as you please, has fallen into line within 
the last year or two 

Assuming that the State pays, shall the immediate organisation and control 
of the work remain with the State direct, or be placed in the hands of semi 
official bodies like the Universities^ The character of the work required must 
settle this question We may as well make up our minds at the outset that 
agricultural research is a very complex affair, which is going to arrive at com 
mercial results very slowly It deals with the fundamental problems of life 
itself , its problems mostly lie in the border country where two or more sciences 
meet^ the debatable land which the man of pure science distrusts and affects to 
despise because there his clean and simple academic methods do not apply 
Hence we have to attract to research in agiiculturil matters minds of the \ery 
best quality, men of imagination and determination, and give them scope and 
freedom to make the best of themselves Now it has been recently claimed 
that the nation can only attract men of the necessary quality to research by 
instituting some system of prizes that shall be commensurate with the rewards 
that he before the successful lawyer or business man who has embarked upon 
some competitive commercial career I entirely dissent from this view, the 
quality of a man’s work is not to be measured by the results it happens to 
attain, for results are often matters of luck, but leaat of all is to be measured 
by the amount of public attention the results arouse It is in the nature of 
some kind of discoveries to excite the popular imagination, but these discoveries 
do not necessarily involve more credit to the discoverer than many others whose 
burial place in this or that volume of ‘ Transactions ’ is only known to a select 
lew Once make publicity the criterion, and the scientific man is at the mercy 
of the boom and the advertisement, a good newspaper manner is more valuable 
than high thinking Moreover, I would for the man of science say with 
Malvolio ‘ I think nobler of the soul * Give him a living wage and proper 
opportunities and he will give his best work without the added inducement of 
a chance of making his fortune The real point is the living \%age, and this 
does not mean the starveling price at which a man can be bought just after 
taking his degree At present the career of research has some of the aspects 
of a blind alley employment , the young man enters on it with enthusiasm, only 
to find ten years later that he has no market value in any other occupation and 
that he is expected to continue on an artisan’s wage 

We have then to ensure the scientific man continuous employment, in sucl 
special subjects as agricultural science presents, we cannot trust to pick him 
for a particular job, and let him go when it is finished, there must be some 
reasonable sort of a career in investigation The State cannot simply pay for 
results , men will not qualify for such precarious chances of employment The 
great results come as incalculably as the great poetry, their value is similarly 
untranslatable into the cash standard, and though no provision of posts can 
ensure a supply of the finest fiowers of the mind, routine science has this 
advantage over routine poetry, that it has some value and is even necessary 
to bring to fruition the advances of the pioneers And when the great mind 
does happen to be born, he can only be turned to account if an organisation 
exists within which he can find opportunities for work Now such an organi 
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sation seems to be provided by the Universities rather than by the State The 
type of man who makes an investigator is apt to be markedly individual , he can 
work better under the looser system of control that prevails m a University 
than under the official hierarchy of a Government department The methods of 
lesearch are anarchical, and ought to be continuously destructive of accepted 
opinions, when a Government department takes an official point of view, it is 
apt to insist on its being respected and not criticised by its officers on the 
strength It has happened within recent years that a scientific man in Govern 
ment employment has had to choose between his salary and his conscience, and 
though University laboratories are not always temples of free thought, their 
atmosphere is distinctly more open than that of a Government office The type 
of man most fitted for research is more attracted by a University than a depart 
ment, he wants his value to be measured by the quality of his scientific woik, 
rather than by his official adaptability But the greatest objection to making 
research a function of Government is that it is of necessity subjected to an 
annual detailed justification of its expenditure to a non expert legislative body 
When one reads the cross examination of this or that investigator by the 
Committee of Public Accounts of certain States which maintain departments of 
agricultural research, one realises the hopelessness of expecting the slow, far 
reaching scientific work that ultimately counts from men who are subject to 
such an annual criticism The almost complete sterility of certain State organi 
sations for research on a great scale can be absolutely set down to the call that 
prevails for an annual report of results which seem to pay their way, only a 
t ilent for advertisement comes to the front under such a regime Of course, a 
State must maintain laboi atones which undertake a certain amount of investi 
gation in connection with its duties in the control of disease, &c , but, though 
it may be difficult to draw a defining line between research that arises out of 
administration and research in pursuit of knowledge, the distinction is easy to 
make in practice For example, the State needs a veterinary laboratory for the 
purpose of checking the conclusions upon which the administrative regulations 
regarding this or that disease are based, and of testing serums, vaccines, and 
the like, but it would prove false economy in the end to entrust to this official 
institution the sole responsibility for investigations into animal diseases 

Another advantage that arises from entrusting agricultural research to tlie 
Universities is that thereby one obtains the advice, and often the active co 
operation, of men in the departments of pure science I have already indicated 
how complex aie the questions that agriculture raises, the man who is working 
out soil problems may find one day that he is brought to a standstill by some 
physical or even mathematic difficulty he is not competent to deal with, on 
another occasion he may wish to consult a geologist, or again a zoologist No 
soil laboratory pure and simple can afford to have men of all these qualifications 
upon its strength, but if it is attached to a University, its men are naturally 
111 constant contact with other specialists fiom whom they may informally obtain 
the assistance they need A special purpose laboratory must suffer if it is 
isolated from the general current of science, and this is particularly tiue of 
agriculture with its many contacts, and the natural inclination to locate its 
institutions in the country Some link must be maintained between the research 
institution and the practical farmer, not so much for the sake of the latter, 
because he is rarely in a position to utilise directly, or even to undei stand, 
the work of the investigation, but in order to keep the work real and non 
academic Even from the purely scientific point of view the most fruitful lines 
of research aie those suggested by practical life, miny effects that prove to be 
of fundamental importance to theory, only become ipparent in the laige scale 
workings of the commercial undertaking The contact with farming that the 
research woiker needs should be provided by his association with the University 
department that is teaching agriculture and advising the farmers of its district , 
thus is established the connection that on the one hand brings the farmer’s 
problems to the investigators, and on the other translates the investigators’ 
results into practical advice As I see it, the ideal organisation of research 
in agriculture is to associate a more or less specialised institution for the 
investigation of a particular class of problem with a University possessing an 
agricultural department, which is also charged with extension woik by way 
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of lectures and advice within its own sphere of influence How specialised the 
institution may become must depend upon the numbeis of Universities available, 
but there is a leal economy in specialisation, in inducing each institution to 
throw its whole strength into one line of woik, foi Universities, like men, 
cannot afford to be Jacks of all tiades 

Many of my hearers may think I am sketching out a very ambitious and 
extensive programme about which the only certainty is the creation of a con 
siderable numbei of salaried posts foi men of science, but when I think of the 
futilities upon which so much public money is spent in every country, I am 
almost ashimed to justify the expenditure by pointing out that an increase of 
ten per cent in any one of the staple crops of a countiy, such an increase as is 
well within the powers of the scientific man to effect m no gieat length of time, 
would pay ovei and over again for the organisition I hive indicated Even it 
the research went on for the sake of knowledge alone, every nation is able to 
allow itself a certain amount of intellectual luxury Moieover, to return to 
my original text, it is only by the aid of agncnltui il science that the world is 
ultimately going to be alloucd to enjoy any luxuiies at all, as the fund imentally 
agricultural basis of society aguu becomes appirent, the one thing that will 
save it fiom sinking down into a collection of families each wringing a hire 
subsistence from a tiny plot of ground will be the application of the fullest 
knowledge to the utilisation of the land 
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MEETING 

Preliminary Arrangimfnts 

The Australian Invitation — The possibility of a British Associ ition 
Meeting m Australia was discussed there as early as 1884, and again in 
later yeais, but the time was not yet ripe The question was once moie 
laised, however, early in 1909, when Bir Chailes Lucas, late of the 
Colonial Office, was visiting Australia, and it was brought forwaid 
publicly on May 3, 1909, at a meeting of the Council of the Umveisity 
of Melbourne, by Di J W Bariett As a result of his motion a 
committee was appointed m that TTmveisity to foimulate a scheme and 
take all necessaiy prelimmaiy action This committee, of which the 
President elect of the Australasian Associ ition for the Advancement of 
Science (Professor Oime Masson) was Chairman, sought and obtained 
the cordial appioval of its pioposals by the other Anstialian umveisities 
and the leading scientific societies, and locol committees weie foimed to 
cooperate with it in Sydney, Adelaide, and othei centies It was 
decided that the Commonwealth Ooveinment should be asked to 
father the invitation to the Britisli Associ ition and to giant a sum of 
€10,000 towaids defraying the overseas expenses of the visit, that the 
State Goveinments should be ibked to give fiee passes o^cl their lail- 
ways, and that hospitality and othei expenses should be guaianteed by 
loc al authorities and the general public It was fuither decided that the 
invitation should be given for 19] 3 or 1914, and that, following the 
example of the South African Meeting m 1905, the Association should 
not confine itself to one centre, but should visit each of the Stxtes in 
turn 

Professoi J W Giegoiy, who was \isiting Meibom ne, was 
informed of the Committee’s proposals, and was thus enabled a few 
weeks later to bring the project under the notice of the General Com 
rnittee of the Association at the Meeting in Winnipeg (1909), where it 
was informally discussed with encouraging results 

On December 16, 1909, a deputation, representing all the Australian 
bodies interested, waited on the Prime Minister, Mr Alfied Deakin, 
who expressed cordial approval of the scheme, and promised to give it 
strong support When, shortly afterwards, there was a change of 
Government, Mr Andrew Fisher, who succeeded Mr Deakin as Prime 
Minister, took the matter up with equal cordiality, and under his 
administration the proposals received the sanction of the Commonwealth 
Parliament The State Governments were also approached, and 
promised their support, especially in the matter of the free use of the 
railways Finally instructions were given by the Prime Minister to 
Sir George Eeid, High Commissioner for Australia, and Professor Oime 
Masson to convey the invitation from Australia to the Association, and 
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they did so at the meeting of the General Committee held in Sheffield 
on September 2, 1910 

In anticipation of the invitation, the General Secretaries of the 
Association, m June 1910, had issued a circular letter addressed to 
Members of the Geneial Committee and othei representative Members, 
of professorial and similar standing, asking whether the recipients 
foresaw any possibility of attending a meeting in Australia or not 
The proportion of Members who answered this inquiry m the affirmative 
was sufficient to warrant favourable consideration of the invitation 
The General Committee unanimously accepted the invitation (after 
some discussion in private), and chose the later year offered (1914), 
having in view the consideration that the Association had twice m recent 
years (1905 and 1909) met outside the United Kingdom 

Commonwealth Orant — As already indicated, the Commonwealth 
Government guaranteed from the outset a substantial sum to be devoted 
exclusively towards the expenses of the voyage overseas incurred by 
representative scientific Members to be selected and invited by the 
Council of the Association The General Officeis of the Association, 
judging (as events proved, rightly) that a representative body could be 
gathered together larger than that for which the sum originally proposed 
would have affoided sufficient provision, took advantage of the occasion 
of Their Majesties’ Coronation, when members of the Commonwealth 
Government were present in London, to discuss this matter with them 
The suggestions then made from the point of view of the Association 
were leceived in the most generous spiiit, and the Commonwealth 
Government subsequently increased its giant to £15,000, which was 
placed at the disposal of the Association under no other condition save 
that (m the words of a cablegiam received by the High Commissionei 
from his Government m November 1912, and communicated by him to 
the Council of the Association) it was * to cover passages of not less than 
150 official representatives, including selected Dominion and foreign 
scientists ’ The allocation of this sum formed, as will be presently 
seen, the most important function of a Committee appointed by the 
Council to deal with arrangements for the Meeting, it may be stated 
here that the actual number of representative Members who benefited 
undei the grant was 155 — approximately one-half of the Overseas 
Paity 

Letter to Universities — No great amount of preliminary work was 
found necessary in London duiing the Council’s sessions in 1910-12, 
though in June 1911 the Council authorised the General Secretaries to 
address a letter to universities and other educational institutions in the 
United Kingdom, requesting the authorities to do what lay in their 
powei to relieve of examining and other duties, in July and September 
1914, any members of their teaching staff who might contemplate 
attending the Australian Meeting The response to this request was 
favourable m the majonty of cases, and very few instances came sub- 
sequently to the knowledge of the Association officers of Members 
prohibited by professional duties from accepting invitations to attend 
the Meeting A letter in similar terms was sent independently by the 
Federal Council m Australia 
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Australian Organisation, 1912 13 

Local Committees and Officers* — Early in 1912 it was recognised 
in Australia that more definite and official machinery was now required 
for the organisation of the Meeting than had sufficed in the earlier 
stages After consultation with those already chiefly concerned, the 
Prime Minister, Mr Fisher, therefore gave instructions to 

Piofessor T W E David, 0 M G , FES, Sydney, 

Professor Orme Masson, FES, Melbourne, 

Professor E 0 Stirling, 0 M G , FES, Adelaide, 

Piofessor B D Steele, D Sc , Brisbane, and 
Sir J W Hackett, K 0 M G , Perth, 

to take the necessary steps Each was asked to consult with the 
Governor of his State, the Piemier, and the municipal and umveisity 
authorities, and then to form a large General Committee for his State, 
with special sub committees and an executive committee, and to ariange 
foi the appointment of delegates, who, together with representatives 
of the Commonwealth Parliament, should form a Federal Council oi 
central executive At the same time the Prime Minister signified his 
appioval of a suggested programme and itinerary for the Meeting, of 
ihe proposal mentioned above to increase the Commonwealth grant 
fiom £10,000 to £le5,000, and of a suggestion to appoint a responsible 
official Organising Secretary As a result of these instructions large 
committees were formed and met in each oentie, and public interest was 
widely aioused Each General Committee was under the presidency 
of the State Governoi, and the following executive office) s weie 
appointed — 

Nrw South Wales 

Chairman, Piofessor T W E Da\id, C M G , FES 
Secretary, J TT Maiden, F L S 
Tiea^iuer, TT G Chapman, M D 
Victoria 

Chairman, Professoi Orme Masson, FES 
Secretary, Professor Baldwin Spencei, C M G , F E S 
Treasure! , Charles Bage, M D 

South Australia 

Chairman, Professor E 0 Staling, CMC, FES 
Secretary, Professor Kerr Grant, M Sc 
Treasuier, Thomas Gill, ISO 
Queensland 

Chairman, Piofessor B D Steele, D Sc 

Secretary, T E Jones, B A 

Treasurer, Professor H J Piiestley, M A 

West Australia 

Chairman, Sir Winthrop Hackett, D Sc , K C M G , who was 
succeeded later by the Hon W TCmgsmill, B A , M L 0 
Secretaries, Professor W J Dakm, D Sc , W Catton Grasby, 
FLS 
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Besides these, many other individuals did invaluable woik befoie 
and during the Meeting as officers or membei s of executive oi of sjiecial 
sub committees 

The Federal Council held its fiist meeting at Melbourne in Novem- 
ber 1912, under the presidency of the Prime Minister, Mr Fisher, with 
Mr M L Shepherd as Secretary A smaller Fedeial Executive 
(Professor Masson, Chairman) was then appointed, and the office of 
Organising Secretary was offeied to and accepted by Mr A C D 
Rivett, D Sc , of the University of Melbourne Dr Rivett’s work in 
England during 1913, and subsequently m Australia, is referred to 
elsewhere Foi fifteen months he devoted himself entirely to the 
duties of his office, and it is lecognised by all concerned that the success 
of the Meeting was very largely due to him In June 1913 Mr Joseph 
Cook succeeded Mr Fishei as Piime Minister, and acted as Piesident 
of the Federal Council until the close of the Meeting 

From the end of 1912 till the Meeting in August 1914 a great deal 
of woik devolved on the State Committees and on the Fedeial Council 
and its Executive, and many meetings were held There was constant 
communication with the office of the Association in London and witli 
tlie Governments of the Commonwealth and the States Some of the 
chief matters dealt with aie leferred to below 

Local Costs of the Meetmg — Besides its contiibution of -£15 000 
foi overseas tiaaelling, the Commonwealth Government defiaved all the 
Organising Secretary's expenses and those connected with the w^ork of 
the Fedeial Council It also contiibuted largely to ceitam of the 
official entertainments duiing the Meeting The State Goveinments 
besides undei taking the whole cost of Membei s' lailway travelling in 
Australia, contiibuted each a large sum towards the geneial expenses 
of the local meeting 

Hospitality — In each State a special Committee undei took to 
piovide for the leception of eich visiting Membei as a guest eithei at a 
piivate house oi at a club oi hotel Apait from the executne offi<eis 
already named, the following may be specially mentioned in 11ns 
connection — 

Adelaide Sir Samuel Way, Bart 

Melbourne Mr John Giice, Mr D J Mahony 

Sydney Lady McMillan, Mrs Ashburton Thompson 

Brisbane Sir Pope Cooper, Mr F Philpott 

Excursions — These were planned and carried out by special local 
Committees, with valuable assistance from the railway authorities and 
fiom the Automobile Clubs The following with the Executive 
officers, were mainly responsible for the Excursion programmes — 

Perth Professor Woolnough, Mr 0 Andrews 

Adelaide Mr H Angas Parsons, M P 

Melbourne Dr J W Barrett, C M G , and Professor E W 
Skeats, D Sc 

Sydney Mr Justice Docker, Mr F C Govers 

Brisbane Sir Arthur Cowley, Mr T 0 Troedson 
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It IS unnecessaiy to mention the many oigamseis and leadeis of 
separate excursions 

Hallway Travelling — A gieat deal of oiganisation was necessary to 
piovide suitably for the simultaneous transport of so laige a party of 
visitors in special trains, with sleeping accommodation and ai range 
ments foi meals, between the capital cities of the different States, which 
aic separated by distances of many hundreds of miles Aiiangemerits 
had also to be made for the collection and separate transport of Membeis 
who arrived at various Australian ports apart from the mam party, and 
for the return of Members to various ports after the conclusion of the 
Meeting The handling and transport of large quantities of luggage 
had also to be planned In connection with all such work the Com 
imttees had invaluable assistance from the State Railway (^ommis 
sioneib and then subordinate officers, and were specially indebted to 
the Chief Victorian Commissioner, Mr W Fitzpatrick 

Facilities for Extended Travel — Under this head may be included 
some of the longer organised excursions which were carried out during 
or immediately after the Meeting, such as those to the Broken ITill 
Mines and to Tasmania But m addition the Federal Council under 
took to provide facilities for any Member who might desire to devote 
himself for a time to special scientific work in Australia Advantagv, 
was taken of this by not a few, though the War undoubtedly interfered 
with the plans of many 

Accommodation for the Meeting — All the Australian universities 
placed then buildings unreservedly at the disposal of the Committees 
In the chief centres arrangements were made to utilise the great halls 
as reception rooms, the Unions and club rooms as luncheon rooms, etc , 
and to house each Section m a suitable lecture theatre with adjacent 
committee rooms 

Work of the Sections — Two local Secretanes were appointed for 
each Section, one in Melbouine and one in Sidney, for the purpose of 
providing suitable programmes of local work (as mentioned later) and 
making other arrangements in consultation with the Recorders 

Handbooks — A number of illustrated scientific handbooks were 
prepared in view of the Meeting The chief of these was the ‘ Federal 
Handbook on Australia,' consisting of a senes of monographs written 
by selected specialists This \olume was edited by the Commonwealth 
Stitist, Mr G H Knibbs, C M G , and published by the Common 
wealth Government A separate volume on similar lines, but of more 
limited scope, was issued by each State \ copy of each was presented 
to every visiting Member, and most of them were distributed m London 
beforehand The Editors of the State Handbooks were — 

South Australia Mr D J Gordon and Mr V II Ryan 

Victoria Ml A M Laughton and Dr T S Hall 

New South Wales Mr R H Cambage and Mr W S Dun 

The Western Australian and Tasmanian books were in the hands of 
Committees The Queensland book was a Government work published 
some time previously 
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Home Organisation 

The Home < Australian Committee ’ — ^By the time of the Dundee 
Meeting, 1912, an outline programme of the Aiistialian Meeting was 
in being, and in the subsequent session of the Council Australian 
ariangements began to find an important place In November 1912 
the Council appointed a Committee, ‘ to assist the President and General 
Officers m matters regarding the Meeting in Australia,* consisting of 
Professors A Dendy, J W Gregory, A Liversidge, and E Rutherfoid, 
to whom V ere subsequently added Professor W Bateson and Professor 

0 J Martin, while from October 1913 onward the Sectional Presidents 
appointed for the Meeting were also taken into consultation This 
‘ Austialian Committee * held fourteen meetings between December 1912 
and Maich 1914 As has been indicated, its principal work was the 
allocation of grants out of the Commonwealth Fund towards the overseas 
expenses of Members It was known to be the view of the Australian 
authorities that the invited lepiesentative Members should be involved 
m as little expense as possible beyond incidentals, and therefore it was 
determined that grants should be made at a uniform rate of £100 (the 

1 educed return fate, fiist class, by the Suez route, excepting certain 
special cases, such as that of invited membeis travelling fiom conn 
tries less distant than the United Kingdom from Australia, to whom 
smaller giants weie made By Febiuaiy 1913 the Council had 
alieady detennined the names of a majority of the Sectional Presi 
dents whom it was intended to appoint for the Australian Meeting, 
the names of certain other of&cial and leading members of the ‘ Oveiseas 
Paity ’ (as it came to be termed) for that Meeting were aheady known, 
and the Committee was thus able to allocate some pait of the giants 
forthwith It then became essential that the Committee should be 
infoimed how far the demand for giants was likely to exceed the supply 
In June 1913, therefore, members of the General Committee were asked 
whether they would join the invited party if grants were offered them , i 
selection was found to be necessary from the list of names thus 
obtained, and this task occupied the Committee during the ensuing 
autumn, from the time of the Birmingham Meeting onward, while 
later on it became possible to draw upon outstanding names in ordei 
to fill vacancies which from time to time, through various individual 
causes, occurred in the ‘ grantee ’ list No grant was left unfilled 

Foreign and Dominions Bepresentatives — Before leaving the 
subject of tlie selection of the invited Members, reference may be made 
to tlie invitation of lepresentatives from foreign countries, the United 
States of America, and British overseas Dominions other than Australia 
It was the wish of the Australian authorities (as appears fiom the cable 
gram quoted above) that the Overseas Paity should include such lepie- 
sentatives, the list of Members of the Association (especially that of 
Honorary Corresponding Members) supplied in itself a wide field for 
invitation , in addition, other names were suggested by the executives in 
the various States of the Commonwealth, and others, again, by the 
lepresentatives of the vaiious Sections of the Association on the Com 
mittee at home It will be leadily understood that the numbei of 
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invitations issued to foreign representatives was large in proportion to 
the number of those who were able to accept, but eventually the Over- 
seas Party included altogether 1 Canadian, 10 Amencan, 3 South 
African, 8 German, 1 Eussian, 1 Polish, 2 Italian, 1 Swedish, and 
6 Danish members and guests, and also 3 from British India 

Number of the Overseas Party — ^Apart from the allocation of grants, 
the question of the total number of the Overseas Party demanded careful 
consideration The Council had not the power, even if it had felt the 
inclination, to impose any direct limitation upon the number of Members 
attending the Meeting On the other hand, the Australian authorities, 
while offering very extensive facilities in the direction of free railway 
travelling and hospitality up to a number largely m excess of the number 
of the grantees and other Members specially invited, were obviously 
compelled to take into consideration the number for whom it would be 
possible to provide special trains and find hospitality Moreover, it was 
essential that the number and composition of the Overseas Party should 
be known at as early a date as possible, m order that the local organisa- 
tion might be carried out with a reasonable knowledge of the require- 
ments of the party A general circular concerning the Meeting was 
therefore issued to MemWs in October 1913 , replies from those who 
intended to attend the Meetmg were invited by November 1 (excepting 
the case of Members residing abroad), and it was made clear that any 
delay m replying might involve a Member m difficulties and mcon- 
\ eniences for which no responsibility could be accepted In December 
1913 the Council decided that Members whose intimations of intention 
to attend were qualified by doubt, or were received late, could be 
guaranteed no special facilities in Australia, and that no new Members 
should be enrolled for inclusion in the Overseas Party, except at the 
discretion of the Committee, as m the case of an applicant whose 
attendance might be deemed to be of special importance on scientific 
grounds It remained open to Membeis to proceed to Australia, and 
take part m the Meetmg, at their own risk so far as concerned the 
facilities already mentioned a few did so But the provisions above 
detailed succeeded m their object of ensuring that no seiious difficulties 
should be ultimately encountered by the Australian authorities m dealing 
with the transport and accommodation of the party No division of 
the party was made into ‘ official ’ and ‘ non-official * classes for purposes 
of differential treatment m these departments The total number of 
the Overseas Paity was 300 No Associates were enrolled in England 
for this Meeting 

Arrangement of Sectional Programmes —The Council held a special 
meetmg on October 17, 1913, in order to appoint sectional officers, 
and thus enable the Organising Sectional Committees to get to work as 
early as possible It was agreed that as it would be barely possible, 
in view of the great distance, for these Committees to receive and 
consider papers offered by Australian scientific workers, local com- 
mittees in Australia should undertake the responsibility of selecting 
these, working on the rough rule that local commumcations should not 
generally occupy more than one thud of the time available for sectional 
work, though in such sections as Geology, Zoology, Geography, 
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Anthropology, Botany, and Agriculture this proportion might be 
increased to one-half 

Special Membership Terms in Australia — At the same meeting of 
Council the General Treasurer brought forward proposals (which had 
been referred to the Council by the General Committee Meeting at 
Birmingham) regarding the cost of membership subscriptions foi 
persons joining locally in Australia These proposals, which weie 
adopted, laid down that for persons attending meetings in any two 
or more centres the price of membership tickets should remain un- 
altered, but that for persons attending at any one centre only the price 
of new annual membership should be £1 only, including the right to 
receive the annual volume free, and that there should be an Associate s 
fee of 10s , at Adelaide and Brisbane only The mam reason for these 
special arrangements lay in the fact that at no one centre m Australia 
would there be undertaken the equivalent of a complete programme of 
a meeting under normal conditions Any ticket issued in Australia to 
a lady was made transferable to another lady under the same cor 
ditions as those under which it was issued That these concessions 
were appreciated was proved by the very large local membership en 
rolled, to which reference is made later in this narrative 

Visit of the Australian General Organising Secretary to England — 

During the peiiod from July to December 1913, during which the 
majority of the arrangements hitheito discussed were undertaken, the 
home officers and Council had the benefit of the presence and collabora- 
tion of the Australian Oiganismg Secretary, Dr A C D Eivett, who 
was sent on a special mission to England in connection with the 
anangements During his visit he was able to attend the Meeting of tlie 
Association m Birmingham in September 1913, and thus to obtain a 
full knowledge of the details of organisation under normal conditions 
He was also able to become personally acquainted with a large pro 
poition of the intending visitors to Australia For the rest, he woiked 
in intimate relationship with the Assistant Secietary at the TiOndon 
Office, and together they traversed, so far as possible, the whole field 
of the organisation, with the guidance and approval of the General 
Officers, the Committee, and the Council The sum ot their dis- 
cussions was finally embodied in a memorandum, dealing m detail with 
such topics as the arrangements to be made for the reception of the 
party on arrival at each centre, with the character and method of 
distributing to each member information lists advising of these arrange- 
ments and directions as to transport, with the handling of baggage, 
and in connection with this, and for other purposes the allocation of a 
distinguishing number to each individual member of the Overseas Party, 
with the fitting and organisation of service in the Eeception Eooms, 
with the requirements of the Sections, with the division of work between 
the London and the local offices in regard to the issue of tickets, pro- 
grammes and other matter, and so forth They also endeavoured to 
define the various topics on which they would have to exchange in- 
formation by mail during the period January to June 1914 {t e , after 
Dr Eivett's return to Australia), and in some instances the particular 
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mails by which such information should be sent were specihed These 
plans, tentative as they were, succeeded so far that the use of the 
cables was necessitated only six tunes from London to Australia and 
five times m the opposite direction during the period named 

At the last meeting of Council before Dr Kivett s departure fiorn 
London (December 5, 1913), it was resolved that the thanks of the 
Council be Expressed to him for the assistance he had rendered in 
connection with the arrangements for the Australian Meeting during 
his visit to England, and to the authorities in Australia undei whose 
direction he had paid this visit 

The Assistant Secretary left London early in June 1914 to join the 
Geneial Organising Secretary in Australia, when they visited togethei 
all the centres (except Perth) before the beginning of the Meeting, 
as Di Eivett had already done on previous occasions 

Shipping Arrangements — In the meantime the woik of the otticeis 
at home was concerned mainly with making up the Oveiseas Paity 
(as has been shown aheady), and those sections of it which weie to 
visit Western Australia in advance of the mam body, and New Zealand 
aftei the conclusion of the Meeting in Sydney ^ With the exception of 
the aiiangement with the Orient Company, which was originally made 
by the Australian authorities, negotiations with the shipping companies 
as to special tares and arrangements for Overseas Merabeis had been 
conducted, and continued to be so, piincipally from the London Ofhce, 
and may be briefly summarised heie — 

(1) Via Suez, letuiii, 1st class £100 (refund £35 if return half of 
ticket unused) Second class £65 Orient and P & O lines (letuiii 
tickets interchangeable between these), also Noiddeutschei Lloyd line 

(2) Via Suez outward, return via Malay Archipelago to Colombo 
and Suez, 1st class £130 Burns, Philp and other lines locally thiougli 
Archipelago 

(3) Eoiind the world via Atlantic, Vancou\er, oi San hraiicisco, and 
Suez, £120, or via South Africa instead of Suez, £100 All tians- 
Atlaritic lines, Canadian Pacific, Union Steamship Co of New Zealand, 
and Oceanic trans-Pacific services 

(4) North American routes, return, 1st class £115 10s 

^ Projected Visit to Now Zealand — An invitation was received in 1911 
from the High Commissioner for New Zealand, on behalf of his Government, for 
some of the Members visiting Australia to proceed to the Dominion, and it was 
subsequently arranged, after consultation with the Australian authorities, that 
a party should leave the Meeting of the Association at the conclusion of the 
Sydney session, and proceed to New Zealand to take part in scientific meetings, 
excursions, &c , together with representative Canadian and American men of 
science invited by the Dominion authorities A committee under the chairman 
ship of the High Commissioner, and including representatives of the Association, 
selected in London a number of Members for invitation, and to leceive grants in 
aid of additional expenses incurred by the visit out of a fund provided by the 
Dominion Government, while Professor T H Laby (of Victoria College, 
Wellington) and others concerned themselves with arrangements in New 
Zealand But while the Meeting of the Association was in progress it was 
announced that the arrangements for the visit to New Zealand had unhappily 
proved m great measure abortive, owing to the effects of the European War 
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(5) Vid South Afiicd, letuiii, 1st class 1^75 Blue Funnel and 
Abeideen lines 

Various alternative loutes weie offeied by the above and other 
companies it is unnecessary to detail them heie, but it may be stated 
that the companies generally met the lequiiements of the party very 
liberally Tl/e vessels and routes which carried the largest riumbeis 
of Members on the outwaid ]ouiney were — (1) the Oiient E M S 
Orvieto, sailing fiom London on July 3 vid Suez and aiiivmg in 
Adelaide on August 8, which also, by special aiiangement with the 
Company, cairied most of the Western Australian advance party for- 
ward from Fremantle to Adelaide, (2) the Blue Funnel s s Ascanius, 
which, by special anangeinent, sailed from Liverpool on June 22, via 
Cape Town, and called at Fremantle on July 28, conveying the majoiity 
of the Western Australian advance party , (3) the Aberdeen s s Euri 
ptdes, winch (making her maiden voyage) left London on July 1 and 
called by special arrangement at Adelaide on August 7 Some Membeis 
reached Australia by way of the Pacific and Sydney, and some made 
extended stays in Western Australia oi elsewheie, in advance of the 
Meeting, for purposes of leseaich 

Communications to Members — Membeis of the Oveiseas Party 
were thus able to puisne then individual inclinations as to routes 
for the outward voyage, and as it was essential to the organisation 
that each Membei’s loute and date of aiiival should be known, it 
v\as necessaiy, duiing the eaily months of 1914, for the London Ofhce 
to request (it not to importune) the Members to state then inten- 
tions For the most part Membeis appreciated this necessity, and 
only in isolated instances were the oigamsers at home and in Australia 
compelled to make arrangements in ignorance of the actual intentions 
of Membeis who failed to realise the inconvenience w^hich they caused 
by refraining from answering inquiries, or even neglecting to give infoi- 
mation that their intention to attend had been cancelled In addition 
to such inquiries it was necessaiy to furnish all or some of the Membeis, 
during the period November 1913 — June 1914, with vouchers for reduced 
steamship fares, information concerning the visits to Western Australia, 
Tasmania, and Broken Hill, and the projected visit to New Zealand, 
invitations to join these parties, information concerning arrangements 
with shipping companies, scientific investigations to be made duiing 
the voyage, &c , and, at a late stage, programmes of final general 
arrangements, and of sectional ariangements, together with a list of 
the Overseas Party and the loute adopted by each Member so far as 
known, with which was incorporated a dated memorandum book cover- 
ing the period of the stay m Australia Membership tickets and special 
luggage labels (bearing the Members* distinguishing numbers) were also 
issued from the London Office Taking all these matters into considera- 
tion, it IS not impossible that some Members may have received during 
this period as many as twenty eight printed programmes or other circular 
communications, in addition to individual correspondence with the office, 
which attained (in some instances) substantial dimensions Indeed, the 
total number of programmes, circulars, letters, &c , issued from and 

1914 Y Y 
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received by the London Office m connection with the Australian Meeting 
18 estimated to have exceeded 24,000, and in this connection it xs neces 
sary to remember that the London Office was only one of a number of 
centres where official business connected with the Meeting was regu 
larly carried on Some account of the workm these other (Austialian) 
centres may now be given 

Australian Organisation, 1914 

On the return of the Organising Secretary fiom England in Pebruaiy 
1914 an office was established in the Prime Mmistei’s Department, 
Melbourne, which served to keep the work done in each capital city in 
touch witli that of the London office Periodical visits were made to 
the other States by the Organising Secretary 

Copies of the memorandum prepared in London by the Assistant 
Secretary and the Australian Organising Secietary were circulated to 
the responsible officers in each centre Specific local conditions some 
times necessitated trifling alterations in the suggested scheme of 
organisation, but for the most part the general plan was closely adhered 
to, it being recognised fully by all executive officers that the advantage 
of uniformity was very great, and would be particularly appreciated by 
Overseas Members when moving rapidly from one capital to another 

Executive Committees, together with sub-committees dealing with 
hospitality, excursions, and scientific business, met frequently after the 
beginning of April The mam work of the Hospitality Committees, after 
secuimg hosts, lay in the allocation of guests to hosts As the time 
of the Meeting approached it was, of course, inevitable that many 
changes would occur m the list of visiting Members the consequent 
continuous readjustments in hospitality arrangements were sometimes 
considerable As will be seen later, this was particularly the case in 
Brisbane, where the abandonment at the last moment of the Meeting 
m New Zealand necessitated a rapid alteration of most of the 
Committee's arrangements 

The Excursions Committees, after settling the localities to be visited, 
were required to determine the numbers of overseas and local Members 
respectively, for whom provision could be made The general piin 
ciple was accepted throughout that the excursions were primarily, and 
in many cases solely, for the visitors Thanks to the keenness of the 
Members of the Overseas Party there were scarcely any cases of 
arrangements failing through lack of visitors Very great assistance 
was rendered by Government officials throughout the work of all 
Excursions Committees 

In each centre reports on the work of executive and sub committees 
were presented periodically to the large General Committees 

Local Membership — It was fully recognised in Austialia that the 
possibility of the Association continuing during 1914-1915 its work of 
financially aiding original scientific investigations depended largely upon 
securing a long roll of local Members This fact was made widely 
known in the Press, and the determination was expressed that the 
visit to Australia should not result in any lessening of the Association’s 
activities Even better results would have attended efforts to gain local 
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Members had there not been a temporary cessation of enrolments 
directly after the outbreak of war 

The Meeting in Australia 
Western Australia 

Outward Yoyages of Advance Party — About seventy visiting 
Members, who became known collectively as the Advance Party, visited 
Western Australia for a stay in most cases of a week, but in some 
of a fortnight or even longer, before the mam paity arrived in Aus- 
tralia Of those who stayed a week most arrived by the Blue Funnel 
steamer Ascamus, which made a special call at Fremantle (the port of 
Peith, W A ) in order to land the party A few arrived by the P & O 
mail steamer (via Suez), which reached Fremantle on July 28, the 
same date as the Ascamus 

A good deal of research definitely planned in relation to the Australian 
Meeting was carried on during the voyage out by some members of 
the Advance Party On the Ascamus, for example, Professor W G 
Duffield made observations on the variations in the force of gravity ovei 
the ocean, and Professor W A Herdman examined and preseived 
samples of the plankton from the surface waters running continuously 
through fine silk nets, day and night, between Liverpool and Fremantle 
Both these researches were very materially promoted by the managers 
of the Blue Funnel Line, who most generously fitted up a special 
laboratory for each of these purposes and gave special facilities for 
cairymg on the work Eesearch was also carried out on othei loiites, 
and on the return voyages 

Public Lectures, &c , in Western Australia — Some little delay in 
the arrival of the Ascamus on July 28 interfered m some measure with 
the arrangements for that day, but that evening Professor W A Ileid 
man, F E S , was able to give the fiist Association lecture in the Museum 
Lecture Hall at Perth, with His Excellency the Governor of Western 
Australia, Sii Hairy Ban on m the chair, the subject being * Why We 
Investigate the Ocean ’ After expressing the gratitude of the visitois 
foi their reception in Western Australia and their appreciation of the 
laboui which had been expended throughout the centies to be visited, in 
preparation for the Meeting, Professor Herdman approached the subject 
matter of his lecture principally from the point of view of the establish- 
ment and development of marine fisheiies, with especial reference to the 
potentialities of Australian waters He also discussed the investigation 
exploitation, and legulation of the fisheries of North western Europe, 
illustrating by means of lantern slides the methods there employed, while 
another series of slides illustrated the leprcxluction and growth of the 
more valuable fishes found m British wateis, and their dependence upon 
the more minute organisms forming the plankton of the ocean 

Subsequently official lectures were given in Perth as follows — 

July 31, at the Museum, Professor A S Eddington, FES, on 
‘ Stars and Their Movements,* the Lieutenant-Governor, Sir Edward 
Stone, in the chair The lecturei discussed the census of stars and their 
classification according to age by means of their spectra, of which 
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examples weie shown on the screen The doubling and the weight of 
btdis, the movements of the stellai system and its piobable shape weie 
among other blanches of the subject dealt with 

August 2, at the Literary Institute, Mi II Balfoui on ‘ Primitive 
Methods of Making Fiie, and tlieii Survival ioi Ceremonial Purposes ' 
The first paib of the lecture described the various methods whereby file 
lb obtained by friction of wood among primitive peoples m various paits 
of the world, and touched upon their possible origin and geographical 
dispersal The second part was devoted to the consideration of the 
Lcremomal retention of such primitive and obsolete methods by peoples 
of more advanced culture, among whom the earlier processes have, foi 
ordinary domestic purposes, been superseded by improved appliances, 
such as the flint and steel or the lucifer match The production of 
‘ pure fire * for use m religious ritual, ‘ need-fire * for averting epidemics 
and other calamities, and ‘ new-fiie * as a means of promoting the 
welfare of crops, &c , afford very numerous and widely dispersed 
instances of the persistence in ceienionial fire making of otherwise 
obsolete methods, and this aspect of the subject formed the mam theme 
of the lecture, which was illustrated throughout with lantern-slides 
August 3, at the Museum, Professor A D Waller, F K S , on ‘ The 
Electrical Action of the Human Heart * He gave a popular history of 
the electro cardiogram, describing how it occurred to him in 1887 to 
use the limbs as electrodes leading off on opposite sides of the electrical 
equator of the heart from his right hand and left foot to a Lippmann 
electrometer, and watching the mercury column pulsate with his heart 
beat, extending these investigations by means of Einthoven’s string 
galvanometer he devised a simple formula for calculating the axial angle 
of the heart which is of physiological importance 

A lecture was also delivered m the Town Hall, Kalgoorlie, on 
July 31, by Mr 0 A Buckmaster (lately an Assistant Secretary of the 
Board of Education) on ‘ Mining Education m England ' The lecturer 
gave an account of the efforts that have been made in England to provide 
instruction in relation to metalliferous mining for day and for evening 
students Special reference was made to the founding and progress of 
the Eoyal School of Mines, of the School of Metalliferous Mining 
(Cornwall), and of the characteristics of these schools Attention was 
also drawn to the value the English experiments would possess m the 
development of technical instruction in mining m Australia 

Various other lectures and speeches, of an unofficial character so far 
as concerned the Association, were delivered by Members, here as 
elsewhere, throughout the Meeting 

On the evening of July 29 the first graduation ceremony held by the 
University of Westein Australia took place m the balhoom at Govern- 
ment House, His Excellency the Governor presiding The Meeting 
was addressed by Mr Cecil Andrews, Pro-Chancellor, and honorary 
degrees were conferred on the following members of the Overseas 
Party — Prof Gunnar Andersson, Prof W Bateson,* Dr F W 
Dyson, Dr A 0 Haddon, Prof W A Herdman,* Sir H Eeichel, 
Piof A D Waller, Prof J Walther * 

(• In ahsmtxd ) 
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Sir Winthrop Hackett, K 0 M G , first Chancellor of the Univeisiiy 
and senior member of the Legislative Council, was similarly honoured 
tn ahsentidi and a number of other degrees were also conferred Dr 
A C Haddon addressed the Meeting on behalf of the Association 

Field-work in Western Australia —The principal object of the visit 
lo Western Australia, however, was to carry out work in the field, 
mainly in the directions of botany, geology, zoology, and agricultural 
investigation A number of official excursions had been arranged to tins 
end, and among the localities and places visited by parties of the visitor s 
were the Irwin country, the Darling Eange (Kalamunda, Lesmuidie, 
Canmngton, &c), Mogumber, New Norcia (where Members were re- 
ceived al the Benedictine Monastery), and Gillingarra, Albany and its 
neighbourhood, Mount Barker, the Stilling Eange, and Northam, 
Busselton and the Yallingup and Margaret Eiver caves, Mundaiing 
Weir, Kalgoorlie, and the Big Brook timber mills iii the jairah and 
karri forests, and Bridgetown Informal visits were also made to points 
in the Darling Eange and elsewhere in the neighbourhood of Perth 

Of scarcely less interest to zoologists and anthropologists were the 
discussions which resulted from visits to the collections at the Museum 
(under the direction of Messrs Woolnough and Alexander), and 
to those at the University made by Professor W J Dakin from 
the Abrolhos Islands (the subject of a communication to Section D at 
Sydney) Throughout the visit to Western Australia, although no 
formal sectional meetings were held, the public lectures were well 
attended, and the conferences with local men of science dealt largely 
with questions of local research, and may confidently be expected to 
result in the advancement of Science 

The great majority of the Advance Party joined the Orient E M S 
Orvieto at Fremantle, and sailed for Adelaide on August 4 

Adelaide^ August 8 12 

Arrival at Adelaide Railway Passes — Apart from some individual 
Members who had ai rived at earlier dates, the first party to arrive at 
Adelaide was that on board the Aberdeen s s Euripides, which berthed 
at the Outer Harbour on August 7 — ^the day previous to that on which 
she was originally expected The large party (some 140) on the E M S 
Orvieto followed on the morning of August 8 Both steamers were met 
by some of the principal officers for the Meeting, and Members before 
leaving the vessels were supplied with railway passes, which, by the 
combined action and generosity of the Eailway Commissioners in all the 
States, enabled the whole of the Overseas Party to travel without chaige 
over Government railways throughout the Commonwealth, the passes 
being valid from August 4 to September 18, and including sleeping 
berths 

Information Lists Conveyance from Stations, &c — In the case of 
each of the parties landing from the steamers, compartments were 
reserved on one of the special trams running, in connection with the 
steamers, from the Outer Harbour to Adelaide Each Member had 
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been supplied with an Information List containing particulars arranged 
under the following headings — 


Member*s 

Member’s 

No of Con 
veyance 
from 
Adelaide 

Train from Adelaide, 
August 12 

Adelaide 

No 

Name 

No of 

No of 

No of Com 

Address 



Station j 

Tram 

Coach 

partment 



On the arrival of each paity at Adelaide Station, cabs and motor- 
cars, each bearing a distinguishing numbei, weie in waiting, and 
Members, being able to identify their conveyances from the numbers 
in the Information List (and with the assistance of local officers who 
were in attendance), were expeditiously conveyed to the addresses wheie 
accommodation had been arranged foi them Their baggage (except- 
ing hand-baggage) was dealt with, here and elsewhere, independently 
Contracts had been made with a film of cairiers in each centre to 
collect and distribute baggage The special luggage-labels bore the 
Members’ distinguishing numbers in Urge figuies, in oidei that tlie 
cairiers might be able readily to sort the baggage 

The same method of distiibutmg both Members and then baggage 
on ariival at each centre was relied upon throughout 

The Reception Room (Elder Hall) and Association Oftices at Ado 
hide were established in the University 

The Meeting and the War — It was known, not only m Austialn 
but also to the Members ai riving <at this date, that the Biitish Empiie 
had become involved in war The majority of Membeis of the Council 
piesent in Adelaide therefoie immediately met (on the afternoon of 
August 8) in ordei to assure the Austialian authoiities of then acquies 
cence, on behalf of the 0\eiseas Paity, in any modification of the 
piogramme which might be found desirable in these unhappy ciicum- 
stances Professois Orme Masson, T W Edgewoith Divid, and E C 
Stilling were present, and, as official iepiesentati\es of the Fedeial 
Council and the Local Execute es, expressed appieciation of the 
Ihoughtfulness which piompted this assuiance, but felt stronglv that 
the scientific and other business of the Meeting should pioceed, e\en 
if it weie necessary to modify some of the social functions A telegiam 
leceived by the President while this discussion was in piogiess fiom 
His Excellency the Coveinor Oeneial, Sii R Mumo-Feigiison sup 
poited these views — 

‘I heartily welcome you and the Membeis of the Biitish Asso 
ciation to Australia Wish yoiii arrival could have taken phce in 
a less anxious time, but trust that, in spite of the giave pre occupa- 
tion of the moment your visit may be a happy one and fruitful in 
good results ’ 

It may be stated here that this wish, so far as concerned the 
visiting party, was amply fulfilled Modifications consequent upon the 
international situation were practically negligible, so far as concerned 
the Australian programme, although, as will be seen later, the plans 
for the homeward journeys of many of the Members had to be changed 
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Australian public men and private citizens did not allow * the gra\e 
pie occupation of the moment * to interfere m any perceptible measuie 
with their interest in the proceedings of the Meeting, and the hospitality 
and community of sentiment which were everywhere encountered by 
the visitors were possibly enhanced, certainly undimmished, by the 
stress of these external ciicumstances 

The position of some of the foreign guests among the Overseas 
Party gave rise to anxious consideration, but it may be recorded here 
that all were enabled to participate in the Meeting 

Saturday y August 8 — In the afternoon (in addition to the meeting 
mentioned above) a graduation ceremony was held in the Town Hall, 
when honorary degrees were conferred upon the following Overseas 
Members — Prof T Hudson Beare, Prof E W Brown, Prof A P 
Coleman, Mr A D Hall, Prof G W O Howe, Prof H Jungersen, 
Dr 0 F Juritz, Sir Oliver Lodge, Sir Charles P Lucas, Prof 
F von Luschan, Prof A Penck, Prof Elliot Smith, Prof W J 
Sollas A degree was also conferred upon Prof T W Edgeworth 
David (Sydney) Pi of E C Stirling welcomed the visitors, and Sir 
Oliver Tx)dge, m replying, read the telegram from the Governor General 
quoted above 

Motor cars, generously provided by the Local Executive and private 
residents, conveyed many Members (on this and the following days) 
for drives through the city, into the hills (Mount Tiofty, (^c ), and 
to other points of mteiest in the locality In the afternoon a party 
of geologists and chemists left for a visit to Port Pine and Broken 
Hill, which occupievl most of them till the following Tuesday 

At 8 30 PM a Beception was held in the Town Hall by the 
Government of South Australia Speeches of welcome were dehveied 
by His Excellency the State Governor, Sir IT Galway, K C M G , 
and by the Hon A H Peake, State Premier , and Sir Oliver Lodge, 
FES, President of the Association, replied 

Sunday y August 9 — No official engagements were arranged \ 
speciil afternoon service took place in St Peter’s Cathedral 

The Adelaide Municipal Tramways Trust despatched special cars, 
and, as already indicated, piivate motor-cars were also available foi 
the purpose of informal excursions in the neighbourhood of the clt^ 
At 8 15 PM Professor E C K Conner delivered a Citizens’ 
Lecture in the To-wn Hall on ‘ Saving and Spending,’ under the 
auspices of the South Australian branch of the Workers’ Educa- 
tional Association The lecture dealt with the processes involved in 
saving and spending, and their ultimate effects upon the community, 
with particular reference to the wajs m which and the objects for 
which people save The chair was taken by Mr T Eyan, President 
of the Branch, and the lecture was followed by speeches from Sir 
Oliver Lodge and Professor W Bateson 

Monday y August 10, was devoted to excursions It may be stated 
in regard to excursions generally, not only from Adelaide but elsewhere 
that they were arranged primarily with an eve to the scientific interests ^ 

* The excursions are briefly summarised in the following diary a dis 
cussion of the special scientific interests of some of them will be found in 
later pages 
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of the visiting Members, and did not afford oppoitunity for any large 
propoition of the local Members to take part in them Eecogmsing 
this generous attitude on the part of the local organisers and Members, 
the General Secretaries of the Association addressed a circular letter 
to Members of the Overseas Party in Adelaide, inviting them to take 
advantage to the utmost of the official excursion airangements 

A general all-day excuision took place to Angaston and district 
Luncheon was provided by Mr Charles Angas in the Agricultural Hall 
at Angaston Mr Glynn, Commonwealth Minister of External Affairs, 
proposed the toast of the visitors, and Sir Oliver Lodge replied Sir 
H E Eeichel pioposed the health of Mr and Mrs Angas Motoi- 
cars were provided by lesidents to convey Members on short drives 
in the neighbourhood A limited party visited the vineyards and 
cellars of Messrs Seppelt, at Seppeltsfield, and lunched there On 
the return journey the ChMeau Tanunda Company's wine-cellars at 
Tanunda weie inspected, and tea was provided by the Company A 
botanical excursion by motor to the hills near Adelaide was conducted 
by Professor T G B Osborn, and Professor E C Stirling led an 
anthropological excursion to Milang, Lake Alexandrma, wheie a pait'v 
of aborigines was seen Mr W Howchm conducted a geological e\ 
cursion, lasting ovei August 10 and 11, by motor to the Sturt Ei\ei, 
Hallett’s Cove, Inman Valley, and Sellicks' TTill, the party spending 
the night at Victor Harbour 

In the evening of August 10 at 8 30, Sir Oliver J Lodge, FES, 
President, delivered a discourse on ‘ The Ether of Space ' His Excel- 
lency the Goveinor, Sir H Galway, K C M G , presided The 
lecturer described the properties of the ether of space as the omni 
present connecting medium and maintained its complete reality, in 
spite of itb intangible and generally insensible character He dis 
cussed the relation between ether and matter, and urged that the 
experimental elusiveness of the ether was a natural consequence of 
its uniformity and of the universality of its functions A vote of 
thanks to the lectuier was proposed by Professor E C Stirling 
C M G , P E S , and seconded by Professor T W Edgeworth David, 
C M G , FES 

Tuesday, August 11 — ^Further excursions took place to Eose- 
worthy Agricultural College, under Mi A J Perkins, Director of 
Agriculture, and to Mannum (a botanical excursion by motor, undei 
Professor T G B Osborn), while opportunities were again provided 
to visit the hills by motor, luncheon and tea being kindly furnished 
at a number of private houses in the Mount Lofty district 

A luncheon to some sixty visiting Members was given by the 
Commonwealth Club Sir J Downer was \n the chair, and speeches 
were delivered by him and by Professor W Bateson, Sir E Schafer, 
Sir 0 P Lucas, and Professor J Perry 

An Evening Discourse was given at 8 p m in the Town Hall by 
Professor W J Sollas, FES, on "Ancient Hunters," Sir Oliver 
Lodge presiding The lecturer emphasised the results of recent re- 
search in dispelling exaggerated notions as to the antiquity of known 
remains of the human race, and discussed the correlation of the 
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[ laBolithic races of Europe with existing hunting tribes — e g , 
Australian, Bushman, Eskimo — and the early development and rapid 
progress of the human race in the arts A vote of thanks was pro 
posed by Dr Verco, President of the Royal Society of South Australia, 
and seconded by Dr A C Haddon, P R S 

A telegram of welcome to the Association from Mr Cook, Prime 
Minister of the Commonwealth, was read from the chair ‘ Heartiest 
of welcomes to the British Association for the Advancement of Science, 
and warm felicitations on its first meeting m Australia We are greatly 
honoured in having as our guests so many distinguished toich-bearers of 
truth, and from so many lands May the light you bring continue to 
shine through the mists which momentarily have settled upon the 
woild ’ 

The Right Worshipful the Mayor of Adelaide, Mr A A Simpson, 
lield a Reception (m lieu of the Ball which had been arranged) in the 
Exhibition Building 

Wednesday, August 12 — Sectional Presidential Addresses were 
delivered in the Town Hall — 

At 10 A M Sir Charles P Lucas, K C B , K C M G (Section E, 
Geography) 

At 11 30 A M Mr A D Hall, P R S (Section M, Agriculture, 
Part I) 

Railway Arrangements — The Overseas Party, accompanied (as it 
was throughout) by a few official and other inter State Members, left 
Adelaide in the afternoon by three special trains at 2 37, 3 30, and 
6 pm Sleeping-berth accommodation was provided on this and all 
subsequent night-] ourneys for every Member, berths having been pre- 
viously allocated by the organisers, and the Members informed of their 
places by means of the Information Lists The scheme of these lists 
was broadly the same throughout thus the Melbourne Information 
List, distributed in Adelaide, contained the following particulars — 


No 



No of Con 
I veyance 
Name I from 

I Melbourne 
Station 


Trains from Albury, 
August 19 


No of Coach and 
Tram Compartment 


Melbourne 

Address 


Melbourne, August 13-19 

Thursday, August 18 — ^The special trains arrived at Spencer Street 
Station, Melbourne, shortly before eight o’clock, nine o’clock, and noon 
lespectively 

The business of the Meeting was carried on for the most part m 
the University of Melbourne, the Reception Room being established 
in the Wilson Hall, while the Sectional Meetings were held m lecture 
theatres or other rooms, as follows — 

Section 

A — Natural Philosophy Department 

B — Chemistry Department 

0 — Geology Department 
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Section 

D — Biology Department 
E — ^Physics Eoojn, Teaclieib* College 
P — ^Main Hall, Teachers’ College 

0 — ^Engineering Department 
H — ^Anatomy Department 

1 — Physiology Department 
K — ^Philosophy B<X)m 

L — Art Room, Teachers’ College 
M — ^Medical Theatre 

Luncheon and tea were seivedm the IJmoii Building, \^hele smoking 
and ladies* rooms, &c , weie also piovided The Secietaiiuin wdb 
established in the Grand Hotel, Spiiiig Street 

Members were requested to attend at the Reception Room during 
the afternoon, to make final arrangements with regard to excursions 
A representative of the Melbourne Excuisions Committee, however, 
had attended in the Reception Room at Adelaide, and thus many 
Members had been able to make their applications in advance the 
same principle was adopted throughout, a Sydney representative attend 
mg for this purpose at Melbourne, and a Brisbane representative at 
Sydney 

The Council met at 4 p m , and the General Committee at 4 30 p m , 
in the Biological Department 

In the afternoon a number of Members were entertained by an 
exhibition of boomerang throwing given by Dr Harvey Sutton and 
others 

In the evening a Reception was given at Fedeial Government House 
by Their Excellencies the Governor Geneial and Lady Helen Munro 
Ferguson 

Friday^ Augtist 14 — In the morning the Sections met, and in five 
of them (Mathematics and Physics, Chemistry, Zoology, Economics, 
Physiology) presidential addresses were delivered 

In the afternoon a graduation ceremony was held in the Melba Hall 
of the University at 2 16, when honorary degrees were conferred upon 
the following members — Professor C G Abbot, Professor H E 
Armstrong, Professor W Bateson, Professor W M Davis, Dr F W 
Dyson, Sir Thomas H Holland, Professor Luigi Luiggi, Professor 
W J Pope, Professor A W Porter, Sir Ernest Rutherford, Sir E A 
Schafer, Professor J Walther 

Later m the afternoon a Civic Reception was given m the Town 
Hall by the Lord Mayor (Mr Hennessy) and citizens of Melbourne 
At 8 30 p M , in the Auditorium, the Presidency of the Association 
was assumed by Professor William Bateson, FES, m succession to 
Sir Oliver Lodge, F R S , who introduced the new President Professor 
Bateson delivered the first part of his address, and a vote of thanks was 
proposed by His Excellency the Governor-General (Sir R Munro- 
Ferguson) and seconded by His Excellency the Governor of Victoria 
(Sir Arthur Stanley) 

Saturdayy August 15, was devoted to excursions, visits being paid 
to Ballarat, Bendigo, Bacchus Marsh, Marysville, Emerald, Warburton, 
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National Park, the Macedon district, and Werribee At Ballarat the 
party were the guests of the Mayor of the City, Mr Brokenshire, and 
the Mayor of Ballarat East, Mr Pittard Some of the Members pro- 
ceeded to Creswick to inspect the Government plantations and nursery, 
and were the guests of the Minister of Forests at luncheon, the Premier, 
Sir A Peacock, presiding in the unavoidable absence of the Minister 
At Bendigo the Mayor, Mr Andrew, and others received the party 
The party visiting Bacchus Marsh alighted at Ballarat Plateau and 
descended to the Werribee Biver, wheie the glaciated floor, conglo 
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meiate, &c , were examined, the gorge was then ascended and the 
Ordovician dykes, glacials, &c , were inspected The party then 
drove to Bacchus Marsh 

The Marysville excursion lasted from Saturday to Monday, and 
included a journey by motor through Lilydale, up the Valley of the 
Yarra, to Healesville and the adjacent elevated district, with its forest 
of giant eucalyptus, on the road thence to Marysville the Blacks* 
Spur was crossed at a height of about 1,800 feet 
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The Emerald excursion included a visit to Femtree Gully, and 
took the visitors over the interesting narrow-gauge railway through 
the hilly bush country by Belgrave and Paradise At Warburton and 
Cement Creek also pine forests and tree-fern gullies were seen, and the 
visitors were entertained by Mr Jas Cuming, who a^orded them 
opportunity to inspect the saw-millmg and allied industries m operation 
near Wai burton 

The National Park excursion lasted from Friday night till Monday, 
the varied flora of the park and the granite and other geological features 
of Wilson’s Promontory and the adjacent mainland being inspected 
It had been intended to reach the promontory by a Government 
steamer, but as this was required for other purposes the journey was 
made overland, and involved riding over a considerable distance 

The excursion to the Macedon district introduced visitors to an 
area of gieat geological interest, on account especially of the newer 
basalt plains of Keilor and the trachytic and other volcanic features in 
the vicinity of Macedon 

At Werribee (an excursion primarily of agricultural inteiest) the 
Central Eesearch Farm was inspected, and the Members were addressed 
by Mr Hutchinson, Minister of Agriculture, and Dr S S Cameron, 
Director of Agriculture 

At 8 p M Dr W Eosenham, FES, delivered a Citizens’ Lecture 
in the Town Hall on ‘ The Making of a Big Gun, ’ the Lord Mayoi of 
Melbourne presiding 

Sunday, August 16 — No official arrangements were made for this 
day A considerable number of Members were away on extended 
excursions Special services took place, or special seimons were 
delivered, in several of the principal churches in Melbourne 

Monday, August 17 — Some sectional work occupied the forenoon 

At 4 p M Professor E B Poulton, FES, delivered in the 
Auditorium a Discourse on " Mimicry ’ The lecturer dealt with cryptic 
lesemblance, or that form of mimicry the purpose of which is conceal- 
ment, with the sematic or advertising uses of colour, and with other 
foims of imitation, illustrating his remarks by examples from animal 
fish, insect, and plant life, and then went on to consider those forms of 
true mimicry where a harmless insect is protected by the resemblance 
it has acquired to some other form having distasteful qualities The 
President presided, and a vote of thanks was proposed by Professor 
W Baldwin Spencer, C M G , FES, and seconded by Professor 
A Dendy, FES 

In the evening a Eeception was given by the Government of Victoiia 
in the Public Library, National Gallery, and Museums The Premier 
and Lady Peacock, the President and Mrs Bateson, the President of 
the Legislative Council (Mr J M Davies), Dr and Mrs Deeper, and 
the Speaker of the Legislative Assembly (Sir F Madden) received 
guests in the Stawell Gallery 

Tuesday, August 18 — ^The Sections continued their work this 
morning, and some carried their sessions on into the afternoon 

In the afternoon a Eeception was given by members of local 
scientific societies in the Botanical Gardens 
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Tlie Loid Mayor of Melbourne (Mr Hennessy), Piesident of the 
Oveiseas Club, and other members of its Council, waited upon 
Piofessor Bateson at Federal Go\emment House in order to presen* 
him as President of the Association with an address of welcome from 
the Club 

At 8 30 p M , in the Auditorium, Dr F W Dyson, FES, 
Astionomer Eoyal, delivered a Discourse on * Greenwich Observatory * 
He discussed the history of the Observatory, its work, and the labours 
of some of his predecessors m office, a number of astronomical photo- 
graphs were shown and explained A vote of thanks was proposed by 
Professor Orme Masson, FES, and seconded by Mr P Baiacclii, 
Government Astronomer 

At 8 p M , in the Town Hall, Piofessor H B Dixon, FES, 
deliveied a Citizens’ Lecture on* Explosions,’ His Excellency the State 
Governor presiding 

Wednesday t August 19 — Sectional woik was continued m the 
1 Homing, but the time available was limited by the hour fixed foi the 
depaituie of the party fiom Melbourne foi Sydney 

Railway Arrangements — The depaiture took place at 2 15 p m \ 
veiy heavy train of the finest lolling stock, including obseivation and 
dining cais and drawn by two locomotives, conveyed the paity as lai 
as Albuiy, wheie a bieak of gauge occuis between the railways of 
Victoria (5 ft d in ) and of New South Wales (4 ft 8V in ) Tlic 
Members were the guests of the Victoiian Railway Commissioneis 
at afteinoon tea and dinner on this tram 

At Albuiy Members were transferred to three special sleeping car 
trams 

Changes in Homeward Steamship Sailings — It had become know u 
by this time that the three ships by which the majority of the 
Members had travelled out (the Orvieto, ^scamus, and Kuriyides), and 
by which many intended to return, had been requisition^, among 
otheis, for Government purposes (conveyance of troops, &c ) m con 
nection with the war Mr Atlee Hunt of the Commonwealth 
Department of External Affairs, and the representatives of the ship- 
ping companies concerned, gave the executive officers of the Associa 
tion ev^eiy help m ensuring that definite information m this matter 
should be furnished to Oveiseas Members as soon as available The 
official arrangements foi the visit of a party of Members to New' 
Zealand had been cancelled (as narrated else where) It therefore 
became necessary to the organisation that a further inquiry should be 
madp of Members as to any change in their plans regarding then sta> 
in and departure from Australia This inquiry w'as made by means of 
a printed form distributed in the tram between Melbourne and Albury 

Overseas Members’ Contribution to Australian Patriotic Funds — 

It had also been decided, at a meeting of the General Officers on 
August 15, that Members m the Overseas Party should be given an 
opportunity of subscribing to one of the Patriotic Funds then being 
raised m Australia, and m this connection also advantage was taken 
of the gathering together in one tram of practically the whole party to 
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make this proposal known and begin the collection The total sum 
ultimately collected, and foiwarded to His Excellency the Governor- 
General aftei the close of the Meeting, amounted to bl4l Ss ® 

Sydney^ August 20-26 

Thursday^ August 20 — The special tiains aiiived at Sydney between 
9 and 10 A m In the iiioining and afternoon Members visited the 
Eeception Eoom As at othei centres, all the business of the Associa- 
tion, except evening lectures, was carried on at the University The 
Great Hall served as the Eeception Eoom Ihe Sections made use of 
lecture theatres oi othei halls as follows — 

Section 

A — ^Physics Department 
B — Chemistry Department 

0 — Geology Department 
D — Zoology Department 
E — ^Pathology Theatre 
E — Surgical Theatre 

G — Engineeiing Building 
H — ^Anatomy Theatre 

1 — Physiology Lecture Eoom 
K — ^Latin Lecture Eoom 

It — M athematics Lecture Eoom 
M — ^Veterinary Science Lecture Eoom 

For certain joint and other meetings the Union Hall was used 

® Ihe followmg letter of ackno\^ledgnient was received from His Excellency 
the Governor General — 

9th September, 1914 

Dear PnoFEbSOR Baie&on, — 

1 have to day received your letter dated the 6th instant, and accompanying 
which IS a cheque for 611? 6s ,t representing the combined contributions by the 
Members of the Overseas Visiting Party of the British Association to the 
Patriotic lund now being raised in Australia 

I need hardly assure you that this most kind and generous contribution 
by the visiting Members of the Association will be most deeply and warmly 
appreciated by all sections of the people of Australia, not so much because 
it represents a very substantial addition to the Fund referred to, but rather 
on account of the community of spirit and of sympathy it indicates 

In view of the fact that each State in the Commonwealth has a distinct 
Patriotic Fund of its own, it has been decided, after careful consideration, 
that the fairest and most satisfactory method for the distribution of the 
sum that has been forwarded will be to divide it equally amongst the various 
States, a decision which, it is hoped, will meet with the approval of those 
who have so liberally contributed to the relief of Australian fellow countrymen 
1 am accordingly despatching 100? to the Executive Authority administering 
the Patriotic Fund m each capital, together with a copy of your letter and of 
the list of names of subscribers 

I am, 

Yours very sincerely, 

(Signed) R M Ferguson 

The President, 

British Association for the Advancement of Science 
[t The balance was forwarded later ] 
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Smoking and lefiesliment looms were established in the Unnersity 
Union Building, and lefreshments were also served in the Eefectory 
The Secietaiium was established in the Australia Hotel, Castleieagh 
Sheet 

On August 20, at 8 30 p m , in the Town Hall, the President, 
Profe&soi W Bateson, FES, delivered the second part of his Addiess 
His Excellency the Goveinoi of New South Wales, Sir G Strickland, 
piesided, ^nd a vote of thanks was proposed by Sir William Cullen 
and seconded by Sii E A Schafei, ex-President 

Friday, August 21 — The Sections began their sessions in Sydney, 
Piesidential Addi esses being delivered in those of Geology, Engineering, 
Anthiopology, Botany, and Education 

At 1 p M a luncheon was given at the Town Hall to the Oveiseas 
Membeis and others by the State Government The toast of ‘ The 
Biitish Association ’ was proposed by the Premier, Mr Holman Pio- 
fessor Bateson leplied, and Sir Oliver Lodge proposed the toast of 
‘ Tlie Government and Ministry of New South Wales 

Latei m the afteinoon His Excellency the Governor of New South 
Wales, Sn Geiald Stiickland, G C M G , gave a Garden Party at 
* Cranbiook,' Eose Bay 

At 8 30 p M , m the Town Hill, Professor G Elliot Smith, P E S , 
delivered a Discourse on ‘Primitive Man ' The President presided 
The lecturer discussed in some detail the remains of primitive man of 
the Pleistocene and later periods, referring especially to the supposed 
Pleistocene stall the disco\eiy of which in the Darling Downs had 
been described earlier in the day m the Anthropological Section He 
discussed and illustrated the evolution of mankind, and the links con 
necting the biain of man with those of lower animals A vote of 
thanks was proposed by Sir E\erard im Thurn, KCMG, and 
seconded hy Sii T Anderson Stuart 

Saturday, August 22, was devoted to excursions 
A party leaving Sidney on Friday night, and leturnmg on Sunday 
evening, visited tlie Pederal Territory, Canberra (the site of the Federal 
capital), and the Buiiinjuck Dam Other pi ices and districts of interest 
which were Msited by 0\eiseas Members were — Coonamble and Wal- 
gett (for the W^estern plains, the wheat belt, and the pastoral industry) , 
the Jenolan Caves and the fine limestone ravine scenery of the Blue 
Mountains at Wentworth Falls, Katoomba and Blackheath, Narramme 
(where aiborglyphs were inspected), the Murrumbrdgee irrigation area 
at Yanco, the Hawkesbury Agricultural College, the Hawkesbuiy 
Eiver and Newport dishicts, the National Park and Port Hacking, 
Bulli and the Cataract Dam , and the electrolytic works at Port Kembla 
A geological excursion visited West Maitland and the lower Hunter 
distiict and coal-field 

Further references to the excursions from Sydney will be found 
among the notes on scientific work which follow this narrative 

At 8 p vr , m the Towm Hall, Professor Benjamin Moore, FES, 
delivered a Citizens' Lectuie on ‘ Brown Earth and Bright Sunshine ’ 
the Lord Mayor presiding Here, as elsewhere, the arrangements were 
1914 z z 
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undei taken by the Workeis Educational Association The lectin er 
dealt with the piocess of evolution fiom inoiganic bodies He showed 
that undei the influence of bright sunshine the blown colouring matter 
(non oxides) of the eaith was capable of stniing up energy and fornnng 
organic compounds which then served as a substratum for the e\olu- 
tion of the simplest living oiganisms 

Sunday y August 23 — No official engagements weie airanged Some 
of the longer excuisions weie pioceeding In the cathedral and other 
places of worship special sermons weie delivered 

Monday y August 24 — Excursions w^ere continued Some of the 
Sections held Meetings in the afternoon At 8 p m in the Lyceum 
Theatie, Pitt Street, Pi of Sir Ernest Eutherford, FES, delivered a 
Discouise on ‘ Atoms and Electrons * Sir Oliver J Lodge, FES, 
e\-Piesident, presided The lecturer summaiised the history of doc- 
trines concerning the unit of mattei fiom ancient times to the present, 
and tlien led up to some of the alternative forms of the modem elec- 
liicd theoiy of the constitution of the atom, giving reasons for his 
own prefeience for the \iew of a cential positively charged nucleus 
suiiounded by a numbei of negative elections i evolving in astionomical 
oibits lound it, the number being closely connected with the appropriate 
atomic weight oi position in Mendeleef’s senes Professor Pollock 
pioposed a \ote of thinks to the lectin ei A ball was given at the 
Town Hall by invitation of the Eight Hon the Lord Mayor (Aldeiman 
Eichaids) 

Tuesday y August 25 — All the Sections met m the morning, and 
some continued their sessions in the ifteinoon The Committee of 
Eecommenditions met in the Senate Eoom at 2 30 p m An excui siou 
in Sydney Haiboui was gi\en in the afternoon by invitation of the 
Commissionei s of theHaiboui Tiiist 

At 8 p M m the Town Hall Piofessoi H H Turner, FES, 
deliveied a Citizens Lectuie on ‘ Comets ' The chair was taken hy 
Ml Meiedith \tkinson 

A Conveisazione offeied by the Senate at the University was can- 
celled owing to the death, on the pievious day, of the Chancelloi of tlie 
Univeisity, Sir PT N MacLauiin Honorary degrees weie to ha\e 
been confeiied on the following Members — ^Piof W Bateson, Pi of 
F O Bowel, Piof E G Cokei, Prof A Dendy, Prof E C K 
Gonnti, Piof W \ Heulman, Sir Everaid im Thurn, Prof B Mooie, 
Piof J Peiiy, Piof E B Poulton, Piof H H Turnei These 
degiees weie conferied subsequently in ahsentid 

Some of the membeis of the Oveiseas Party (to the numbei of 
2b), who, owing to the wai and the cancellation of the sailing of the 
E M S OrviefOy found it incumbent upon them to hasten their depai- 
tuie Irom Australia, left Sydney this evening by train in order to loin 
the P & 0 E M S Malwa, homeward bound, at Adelaide 

Some of those who left thus early (by this or other routes) had 
oiigmally intended to pioceed to Brisbane, on the other hand, some 
who had intended to visit New Zealand, wheie the official arrangements 
had been ffiandoned, now desned to be included m the Brisbane party 

z z 2 
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These eleventh-hour alterations created a difficult situation for the 
Executive at Brisbane, but it was ably and geneiously dealt with 
Members now desiring to be included in the Brisbane party weie 
allowed, so far as possible, to take the places of those who no longei 
desired inclusion, the party (of 182 members) being kept at or about the 
total number originally arranged for Membeis of the Brisbane Execu- 
tive attended at Sydney and worked with the general organisers in 
rearranging the party the allocation of railway accommodation for the 
journey north from Sydney had to be recast, and the Brisbane Execu- 
tive had in the short time available to make many new dispositions 
in regard to guests and hosts, but they were able to distribute complete 
Information Lists on the special trains in ample time befoie Brisbane 
was reached Of that section of the party which did not proceed 
to Biisbane some stayed in Sydney or made othei independent arrange- 
ments, a few, under the informal leadeiship of Sii E Rutlieiford, 
F R S , visited New Zealand 

Wednesday, August 26 — Some of the Sections met in the morning 
The first special sleeping car tram left for Brisbane at 12 40 and 
the second at 1 50 pm Dinner was seived at Singleton, ^\hele the 
President and other official Members (travelling on the fiist tiiin) weie 
received by the Mayor 

Bnslane, August 27 — September 1 

Thursday, August 27 — The trains reached Wallangaiia, at the fion- 
tier between New South Wales and Queensland, about 7 25 and 8 5 am 
lespectively Here breakfast was provided, the Members, at this meal 
and luncheon at Toowoomba, being the guests of the Queensland 
Government Tickets for these meals had been distributed on the 
trains during the previous day’s journey, together with ribbon-badges 
which constituted free passes over the tiamways in Biisbane A 
bleak of gauge occurs at Wallangarra, the Queensland Government 
lines being of 3 ft 6 in gauge Membeis continued their journey fiom 
this point in two special trains, which reached Brisbane at 5 33 and 
6 15 p M respectively The party was accompanied from Wallangarn; 
to Toowoomba by the General Traffic Managei at Toowoomba, and 
thenceforward by the Deputy Commissioner for Railways The Deputy 
Mayor of Toowoomba (Mr T A Price) welcomed official Membeis 
as the first tram passed By the courtesy of the railway officials, 
the second tram made two short stops, enabling passengers to alight 
while passing through the fine scenery of the ranges near Toow oomba 
Friday, August 28 — The Reception Room was established in the 
foimer Government House, now occupied by the University 

At 10 A M in the Albert Hall Mr A D Hall, F R S , delivered 
the second part of his Presidential Address to Section M (Agiiculture), 
dealing in particular with tropical agriculture, and at 11 30 a m in the 
same place Professor E W Brown, FES, Vice-Piesident of Sec- 
tion A (Mathematics and Physics), delivered an addiess in the Depart- 
ment of Cosmical Physics 

In the afternoon some of the official and othei leading Members were 
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entertained to luncheon by the Senate o£ the Univeisity Mi E H 
Eoe, M A , Vice-Chancellor, was in the chan, and the Piesident, 
Professor Bateson, expiessed the thanks of the Membeis Oppoitunit} 
wis given for short excursions through Biisbaiie by tram cai The 
V 01 shipful the Mayor held a Civic Reception in Bowen Paik 

A small party left Brisbane foi Dulacca (retuining on the following 
Sunday evening) to inspect the expeiiments being conducted there bv 
Di Jean White for the exteimination of the pricklv pear 

# In the evening, at 8 30, discouises were gi\en m the Centenmil 
Hill h} Professoi H E Armstrong, FES, on ‘The Miteiials 
of Life,’ and m the Albeit Hall by Piofessoi G W 0 Howe on 
‘ Wireless Telegraphy ’ At the fiist the Piesident was m the chan 
Piofessoi Armstrong discussed the pait placed by chemistry in the 
investigation of his subject, and show^ed how simpler compc mds of 
carbon, hydrogen, oxygen and nitrogen were built up into the more 
complicated substances found in the plant, he then traced the breaking 
up ot these in digestion and the further formation from simpler sub 
stinces of the more complex matemls of the ammil’s bod} Professor 
B 1) Steele proposed a vote of thanks 

Sir Oliver Lodge, FES, presided rt the discoiiise by Piofessoi 
Howe, v\ho, after explaining the principles of the subject traced then 
practical application in the development of the various systems of wiie- 
le«=^s telegraphy A number ot lantern slides were shown, illustrating 
the construction of modern high power stations Sir A Cowley pro- 
posed and Professor Luigi Luiggi seconded, a v^ote of thanks to the 
lecturer 

Saluiday, August 20, was devoted to excursions Opportunity was 
afforded for visits to the Ipswich railway workshops and the vicinity 
of the town, to Nanibour and the Blackall Range (an excursion 
aiiinged for and taken advantage of by r large party, amounting to 
some two thirds of the visiting Members), to the Glass House Moun 
tains, to visit which a small part} left the special trail to Nambour and 
proceeded on foot to the summit of Mount Ngun Ngun and to the 
bottom of the cliffs on Mount Crookneck, rejoining the special ti iin on 
its return, through the Cleveland district, south of the Brisbane Eiver, 
and to Mount Coot tha a view -point within the metropolitan area 
At Nambour the Moieton Central Sugar Mill was inspected, and at 
luncheon the visitors were w^elcomed by the Mayor of Nimbour and 
the Maroochy Shire Council The Range and the Maroocliy river were 
subsequently visited, and tea was served on the return to Nambour 
\ longer excursion undertaken by some of the Members was that to 
Gvmpie Goldfield, the party being the guests of the Corporation of 
Gvmpie, and returning to Brisbane on Sundry morning 

Sunday, August 30 — As elsewhere, no official arrangements w^ere 
made for the Sunday At night, however a few members left for 
Mount Morgan Gold and Copper Mine (420 miles from Biislianc) in 
excursion which lasted until Thursday morning, September 3 

Monday, August 31 — In the morning an excursion was made by 
steamer down the Brisbane River to the meat works situated thereon 
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In the afternoon the Hon the Piemier of Queensland gave a garden 
party in the Umveisity giounds In the evening, at 8 p M , Dr A C 
Haddon dehveied a Citizens' Lectuie, in the Exhibition HaU, on 
‘ Decorative Art m Papua, ' the Mayor of Brisbane presiding 

At 8 30 p M , in the Centennial Hall, Sir Edward Schafer, EES, 
ex President, delivered a concluding discourse on ‘ Australia and the 
British Association ’ In the course of his lecture, which was of a 
valedictory chaiacter, he drew a comparison between the inhospitable 
conditions encountered by James Cook when he led the hrst scientific 
expedition on board the Endeavour from Gieat Britain to the shores ot 
Australia, and the conditions of high civilisation and the warm welcome 
which the visiting Members of the Biitish Association found He 
briefly traced the history of the Association, and showed how the 
advancement of science, which is its object, had rendered the visit 
to Australia possible He dealt with the need for encouraging scientific 
lesearch, with especial legaid to the possibilities of the future m 
Australia The Piesident took the chair, and the Lieutenant-Governor 
of Queensland (Sir Aithur Morgan) and Sir Oliver Lodge, P E S , pio- 
posed and seconded a vote of thanks to the lecturer Both the Piesi- 
dent and Sir Ohvei Lodge took occasion to express the deep giatitude 
felt by eveiy visiting Member foi the magnificent reception accorded 
to the paity thioughout Austiaha, and for the unremitting labour hy 
which the many lesidents in Austiaha who had been concerned in the 
oiganisation of the Meeting had ensuied its success, in this connection 
the speakeis paid an especial tiibute to the work of the Geneial 
Oi gamsing Secietaiy, Di A C D Eivett, and Mrs Eivett 

Letter to the Australian Press — On the conclusion of the Meeting 
the following lettei was addiessed to the Pi ess in Perth, Adelaide, 
Melbourne, S}dne}, ind Biisbine — 

To the Editoi of the 

Sii, — Ihe meetmgb of the Biitish Assocution for the Advancement 
of Science in Austiaha, at the five capital cities of Perth, Adelaide, 
Melbourne, Sydney, and Biisbane, have been biought to a close, and 
we desiie, befoie leaving the countiy, to make public expression of oui 
giatitude to the people of the Commonwealth, on behalf, as we feel 
confident that we may, of the whole paity of some thiee hundied 
members who ha\e made the journey fiom oveiseas 

Fiom the moment wdien the invitation to hold our meetings heie 
was extended to the geneial committee of the Association at the 
Sheffield meeting in 1910, by Sir Geoige Eeid, on behalf of the 
Coinmonweilth Government and Piofessoi Oime Masson, Ohaiiman of 
the Fedeial Council, we have met with nothing but goodwill and 
earnest collaboi atioii fiom all the authoiities which have been concerned 
in the arrangements made for our visit and meetings The Oommon- 
w^ealth Government placed a laige sum at the disposal of our Council 
as a contiibution tow aids the expenses incurred by upw^aids of 
150 of oui members in making the voyage The Governments of the 
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various States have contributed fieely towaids the expenses involved 
by the very elaborate and complete an angements made locally for the 
meetings, and have, moreover, provided each oveiseas member with a 
pass over their railway systems covering a penod of six weeks, while 
their Eailways Commissioners have made admirable piovisioii for the 
transport of our large party between the different centres of meeting, 
and in connection with excursions during our sta} at these centres 
Moreover, in dealing with many intricate details of oiganisation, both 
before and during the meeting, we have been always able to rely on 
the cordial advice and help of representatives of the Go^ ernment both 
in this country and at home The establishment of a cential office for 
the purposes of organisation m Austialia, in the Commonwealth Govern- 
ment buildings in Melbourne, under the conduct of Di AC D Ei\ett, 
has proved to be the wisest method of ensuring constant and thorough 
collaboration with our own permanent office m London duiing the past 
eighteen months, and between the many authorities in Austialia, and 
has guaranteed that uniformity of organising woik in the vaiious centies 
w hich has contributed so largely to the successful w orkmg of the meet- 
ing as a whole The Universities in the five centres have placed their 
buildings unreservedly at the services of the Association, and municipal 
and other authorities owning buildings ha\e been no less generous 

To all those of our colleagues and helpeis m Australia, who as 
chairmen or members of the Federal Council, general committees, 
executive committees, and hospitality committees, as local secietaries 
and treasurers, as organisers of excuisions, mfoimation stewards 
assistants in the reception rooms, oi in other capacities, official and 
unofficial, have freely taken upon themselves labours, often arduous 
and prolonged, in connection with the meeting, we \entuie to offer 
this general expression of our heartfelt thanks, we cannot hope to do 
justice in every case to individual effoit The hospitality, both private 
and public, which ha.s been extended to visitois thioughout the journey 
has exceeded any possible expectation 

Finally, we desire to acknowledge very giatefully the extiaoidmai 5 ^ 
public interest which has been aroused in the pioceedings of the meet- 
ing, and, moreover, has been maintained m face of the lamentable 
e\ents which have occurred in Europe dm mg oui stay heie A piac- 
tical illustration of that interest is affoided by the fact that a much 
greater number of membeis has been em oiled for this \ustiahan meet- 
ing than for any previous meeting in the histoiy of the Association 
The importance of a large local membership to the mteiests and 
advancement of science, which is the sole object of the Association, has 
aheady been explained, and is clearly veiy well undei stood, m Australia 
We need not labour the point, but may conclude by assuring the people 
of Australia that the announcement of a grand total for the meetings in 
all centres, of more than 4,700 membeis’* foims, in our view, a fitting 

^ The exact number of Overseas Members and local Members and Associates 
was 4,930 The local enrolment was made up as follows — Adelaide, 599, Mel 
lourne, 2,017, Sydney, 1,780, Brisbane, 234 
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climax to a meeting of unparalleled interest to the visitois, and, we 
venture to hope, of value to the countiy in which it has been held 
We aie, Sir, Yours, &c , 

W Bueson, Piesideiit, 

JoH\ Perry, Geneial Tieasiuei, 

W A Herdman, \ 1 

H H Tornee, jC^enenl SeciPtuies, 

0 J E Howarth, Assistant Secietar^ 

Biitish Association for the Advancement of Science, Sept 3 

Homeward Voyage — Aftei the conclusion of the Bii&bane session 
the paity became fuither duided Of nearly 100 membeis who did 
not immediately return south about forty waited in Biisbane foi the 
Bums Philp s s Montoro, which sailed on Septembei 3 foi Northern 
Queensland, Java, and Singapore Otheis made vaiious individuil 
aiiangements A party of 88, howe\ei, was con\e}ed south by a 
special tram leaving Brisbane on Septembei 1 at 8 30 a m , and reacli 
mg Wallangarra m the e^enmg, where membeis weie tiansfeiied to a 
S[)ecial sleeping cai tram, which reached S\dney shoitly aftei noon on 
Septembei 2 Beyond this point no fuithei special transpoit aiiange 
ments were required Si\tj thiee of the Mcmlieis sailed fiom Austialia 
on the P & 0 E M S Uorea, which left Sydney on Septembei *> 
Melbourne on Septembei 8, and Adelaide on Septembei 10, but these 
membeis made individual aiiangements as to joining the ship, and 
‘^ome did so at each of the thiee ports named 

Visit to Tasmania — ^ paity of twenty one Membeis, imdei the 
leideiship of Piofessoi T Thomson Flynn, visited Tasniaiiia, leaving 
Melbourne by the ss Loongana on September 5, and aiming at 
Liunceston on Septembei 6 \t Launceston the Museum and the 
Cataiact Gorge weie visited, and on Septembei 7 the pait\ pioceeded 
to Hobait by rail On Septembei 8 leceptions weie held it the Town 
Hill, the Museum, and the Umveisity^ and an official luncheon at 
Government House was given by His Excellencv the Goveinoi of 
Tasmania, Sii W Ellison Macaitnev and Lady Ellison-Macaitney 
In the evening Di G T Moody lectin ed on ‘ Some Commeicial Aspect'^ 
of Education ' On Septembei 9 Mount Wellington was visited, and 
on September 10 several othei exclusions took place m the neighboin 
hood of Hobait On Septembei 11 the paity pioceeded to Mam Island 
on the east coast, wheie geological zoological, and botimcil collections 
weie made and diedging was earned out m the neighbouiing sei On 
September 13 the kitchen middens at Little Sw m Poit weie exploied, 
and the party returned to Hobait, the puncipal pait of the progiamme 
having been completed The zoologists, howeiei, lemamed, and 
Piofessoi Dendy gave an addiess to the Eoyal Society of Tasmania on 
‘ Piogressi\e Evolution ’ Di M M Tatteisall giie a public lectuie 
on " The Depths of the Sea ' On Septembei 16 the zoological parly 
pioceeded to the Gieat Lake and earned out collecting in the lake and 
its neighbouihood, returning to Hobait on Septembei 22 
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Table of Distances — The following appioximate figures may be of 


interest — 

England [London] to — Statute Miles 

Adelaide via Suez (dll sea) 12,740 

Do , o\erland to Mediteiiaiiean 11,700 

Adelaide xia South Africa 13,895 

England [Liveipool] to — 

Sydney vta Vancouvei 14,529 

Fremantle Adelaide (sea) 1,356 

Adelaide Melbourne (lail) 483 

Meibom ne Sydney (lail) 582^ 

Sydney Brisbane (rail) 725 


The weathei was fine piactically thioughout the meeting 

Noies ON Scientific Work in Al&tr\li\ 

Tliioughout the sessions in the ^dllOus centies, in addition to the 
official meetings and e\cuibions, special meetings, discussions and 
expeditions, mtoimal as well as foimal, weie aiianged by local men of 
science foi paiticulai gioups in the Oveiseas Paity On such occa- 
sions (among which may be included the visits paid to Unneisity 
laboratories, museums and othei institutions by many of the paity) 
problems for imestigation w^eie pointed out and plans foi futine 
reseaich weie suggested, of ^alue to hosts and guests alike, and it is 
not improbable that some of tliese mfoimal conferences ma} ha\e as 
gieat a direct effect upon the ^d^ancement of Science in Austiaha as 
the more public Meetings ol the Asscx;ntion As the Repoit \olume 
does not elsewheie offei any occasion to indicate the work done in those 
directions, a summaiy may be given heie, with leference to the Sf c- 
tions whose mteiests weie specially concerned The list of Keseaich 
Committees appointed on the lecommendation of the Committee of 
Eecommendatioris meeting at Sydney will show that m many depiit- 
ments of Science, imdei se^eial Sections, impoitant suggestions toi 
leseaich weie gi\en effect 

In Section A, owung to the unfoitunate absence through ill health 
of the Piesident, Piofessoi Tiouton, his addiess was lead by Piofessor 
A W Poitei The attendance at the Sectional Meetings was good at 
both Melbourne and Sydney, and specially large audiences gatheied to 
hear the discussions on ‘ Atoms and Molecules * (jointly with Sec- 
tion B opened bv Sii E Eutheiford, followed by Piofessois Pope, 
Armstiong, Ken Giant, Hicks, and otheis, wnth Sir 0 Lodge in the 
chan), on ‘ Antaictic Meteoiology ' (opened by Dr Simpson, followed 
by Captain Da’sis, Mi Gold, and otheis), and on ‘ Wiieless Telegiapliy * 
(opened by Sii O Lodge) Sii E Euthei fold’s papci was also of 
special interest \ papei by Mr Baiacchi, Goveininent Astionomei 
of Victoria, on the pioposed site foi a Sohi 0))servatoiy on Mount 
Stromlo was of paiticulai inteiest to the \stioiiomers, and the Piime 
Minister of the Commonwealth (Mi Cook) leceived a deputation o! 

5 Ihe Astronomer Roval Professors Turner Eddington, Duffield, and 
Nicholson, Mr C G Abbot of Washington bir Oliver Lodge, introduced 
by Professor Masson Mr Deakin and Mr Hunt, Government Meteorologist, 
also present 
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astionomers and physicists on this pioject, and accoided them a favour- 
able healing In Sydney the local bianch of the Biitish Astronomical 
Association lequested, through the Piesident, Di Rosebyt a visit from 
the Astronomeis , and the Astionomei Royal, Piofessois E W Brown, 
Eddington, Nicholson and Turner and Mi C G Abbot attended and 
addiessed the* meeting The Sydney bianch of the Mathematical Asso- 

ciation also invited some visiting mathematicians to addiess them, 
Piotessois Peiry and Turner responded to Piofessoi Carslaw’s invita 
tion The diffeient State obseivatories (Perth, Adelaide, Melbourne 
and Sydney) and Mi Tebbutt’s piivate observatoiv at Windsoi, 
NSW, were all visited by seveial astionomei s, and as a lesult of 
fiiendlv discussion of problems and difhciilties invited by the diiectois 
of the obseivatories, seveial memoiandi weie diawn up by the visitois 
The geologists of the paity in Westein Aiistrilia under the local 
guidance of Professor Woolnough, visited the Ti\Mn River to examine 
the Peimo Carboniferous glacial beds, inaiine beds and coal measuies 
tile Daihng Ranges to see the ciush conglomei ates of Pie Cambinn 
age, the Stilling Ranges with their highly contoited quartzites of un- 
known age, and finally the goldfields of Kalgooilie and Coolgaidie At 
the time of the Adelaide meeting a paity of geologists and chemists 
\isited Poit Pine and Biokon Hill foi the piupose of seeing the occiu- 
lence of the ores and the methods of woiking and smelting Anothei 
pait\ at the same time visited the Stint Ri\ei to see the Carnbiian 
ghcnl beds, and exploiedthe Peimo Caibomfeious glacial beds and the 
aiclneoc^ itliine limestones of Hallett s ro\e and hinlly the gianitic 
locks m the neighbouihood of Victoi Tin bom Fiorii Meibom ne the 
geologists went to Macedon to examine the ilkiline igneous locks and 
to Bacchus Mnsli foi the Peimo-Caibonifeious ghcial tillites lying 
upon stiiated smfices of oldei locks 

Fiom Sydney theie weie exclusions of both geological and biologic il 
inteicbt to the Blue Mountains which affoided the geologists an oppoi 
tunity of studying the leading featmes of tlie geological stuutuie of 
New South W ales and the lemnkable ele^ ation which this in common 
with man^ othei parts of the Continent, expeiienced in lite Teitiai} 
01 post Teitiaiy times An examination was also nude of the Jenolin 
Caves, which aie typical examples of stalactitic ca\es in limestone of 
Silmun age, one of the inteiesting feituies of wdnch was the lemains 
of an aboiigmal skeleton embedded in the stalagmitic flooi The exciii 
Sion to West Maitland and Newcastle gave an oppoi tiinit}^ of examining 
the productive coal measuies of the State 

At Biisbane two of the most notable exclusions ariaiiged foi 
geologists weie those to the Glass House Mountains, a senes of 
tiachytic volcanic necks using abiuptly fiom the plain, and to Ipswich 
to examine the Tiias Jma coal measuies and associated volcanic rocks 
Some of the most notewoithy points that impiessed the geologists 
fiom Emope weie the lemaikable extent on the Austialian Continent of 
Peimo Caibomfeious glaciation, the evidence of coinpaiatnely lecent 
extensive elevation, the well-preserved plains of eiosion at diffeient 
geological horizons, and the evidences of glaciation as euly as the 
Cambrian epoch 
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At each centie visited the zoologists of the party weie in close touch 
with the professor of the sub]ect at the University and other local 
workers, and* many of the excursions, both those in the official pio- 
giamme and others of a more informal character, were arranged so 
as to show the visiting specialists as much as possible of the Australian 
fauna 

At Perth, in addition to the definitely zoological excursions to the 
Yalhngup ca\es and to the Mundaring Wen, Professor Dakin arianged 
to take a few of the zoologists to visit points of interest on the Darling 
Eange, wheie Peripatus and other important organisms were found 
Prom Adelaide paities of zoologists made observing and collecting 
trips to Lake Alexandiina, Victor Harbour on the coast, the Mount 
Lofty Range, and elsewheie, at all of which objects of interest weie 
seen and much material collected which may lead to research 

At Melbourne the local naturalists arianged several short trips in 
the neighbouihood to study the birds and the land fauna generally, 
while at Sydney the excuisions were naturally lather of a marine 
biological chaiactei Piofessor Has well and Dr S J Johnstone 
oigamsed a collecting party in Poit Jackson in order to explore fiom a 
steam launch the wondei fully rich mveitebrate fauna exposed at low 
tide m vaiious paits of the haiboui 

Fiom Sidney, again, the \aiious excursions to the Blue Mountains 
and the Jenolan Caves gave zoologists the opportunity of collecting 
such lare and inteiesting foims as Penpatus and land Planaiians and 
of seeing many of the cliaiacteiistic buds and insects of the countiy, 
and the same may be said of some of the excursions from Brisbane 
At the Museums and University laboiatories of Perth, Adelaide, 
Melbourne, Svdney, and Biisbane infoimal discussions and conferences 
took place with the Museum Cuiatois and other local naturalists, which 
led to the foimation of Eeseaich Committees or to plans foi futuie 
woik on Austialian pioblems 

In connection with the maiine fauna, the question of moie fully 
exploiing the Austialian fisheiies was under consideration at se\eial 
centies, and it seems piobable that a moie thorough investigation of 
the coastal wateis and then contained plankton, by modern oceano- 
graphical methods, will be undei taken at an early date Anothei out- 
come of mfoimal convei sations was the resolution brought befoie the 
Committee of Recommendations for adoption by the Council of the 
Association welcoming the project to convert a portion of Kangaioo 
Island in South Australia into a Government Re&eive for the protection 
of the fast disappeaiing native land fauna 

The facilities given to members of Section E (Geography) to study 
on the spot \aiious types of land forms in Australia were especially 
'valued by those whose interests he mainly in physical geogiaphy 
Others had the oppoitunity of obseiving the influence of geographical 
factors, notably temperatuie and rainfall, upon the more important 
foims of economic activity in the country The visit to Western 
Australia and the excursions to Yanco, Bendigo, and Gympie were of 
especial interest Some membeis took advantage of their stay m the 
different capitals to make themselves acquainted with the literature 
relating to the discovery and eaily settlement of the Continent 
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Probably the communication to the Anthropological Section which 
will be regarded as of greatest scientific impoitance was the exposition 
by Piofessors David and Wilson, at Sydney, of the highly mineralised 
skull of an Australian man, probably of Pleistocene date This skull, 
which shows certain features in common with that of the Sussex Pilt- 
down skull, w^s found some thirty years ago on the Darling Downs, and 
Piofessor David was fortunately able, on an excursion subsequent to 
the Meeting, to find the original discoverer of the skull and obtain exact 
paiticulars as to the locality and mode of occurrence 

Oppoitunities were given wherevei possible to allow the anthio 
})ologistb to see for themselves the aborigines and their ciaftsmanship 
Thus, fiom Adelaide, under the guidance of Professor Stirling, a pait^ 
went to Milang on Lake Alexandrma to inspect a numbei of men, 
women, and children from the Mission Station, including some full 
blooded aboiigmes These gave displays of dancing, boomering- 
thi owing, hut-buildmg, and b^asket making, and some of the part\ 
collected information in regard to cat's-ciadle games and nati\e 
genealogies 

The anthropological collections in the Museums at Melbourne, 
Sydney, Adelaide, Brisbane, and Peith weie natuially of gieat interest, 
and undei the guidance of the curators and other local anthropologists 
there weie important discussions and ciitical examination of specimens 
b\ expeits, which will doubtless lead to furthei reseaich 

In the Melbourne Museum the magnificent collections of Austialian 
stone implements, especially bi ought togethei for the occasion bv 
Messrs Kenyon and Mahony, as well as the ceremonial objects collected 
In Professor Spencer, weie on exhibition duiing the meeting, and weie 
the subject of careful examination and discussion Much of the moie 
pioductive scientific woik of the anthropologists natuially consisted m 
mfoimal conferences with the local workers, and it was hoped that as 
one of the results of such consultations it might be possible to obtain 
fiom the Federal Government the assistance which is necessaiy foi the 
piosecution of furthei leseaich in the fast disappeaiing cultuial anthio 
pology of the tribes in the Noithern Teiiitoi} 

Field woik natuiallv placed a laige pait in the botanical pio- 
gi imme At Perth an extended expedition to Alban\ , lasting foi the 
gieatei part of a week, ga\e oppoitunities foi studying the chaiacteiistic 
vegetation of the and distiicts of Western Austiaha Fiom Adelaide 
theieweie three impoitant excursions arianged specially foi botanical 
woik — one to study the Salicornia Sciub and the mangro'se swamps 
of the coastal region, one to the Mount Lofty Range to see the fein 
gullies and the scrub of the higher levels, and the thud to Mannum 
The botanical excuisions from Melbourne nianged b\ Piofessoi 
Ewait included one to Emeiald foi the fein gullies, while a smallei 
puty went on to visit Di MacAithui’s station to inspect the methods 
of 01 chard planting Another paity was taken to Warburton to inspect 
a characteristic ‘ big tree ' region and study the ecology of the distiict 
Fiom Sydney, in addition to the excuisions to the Blue Mountains 
and to the Jenolan Caves district, of great interest to botanists as well 
as geologists, there weie a numbei of smallei informal exclusions under 
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the guidance of Piofessor Lawson to study the botany of the Port 
Jackson neighbouihood, including the National Park Another 
important botanical paity, under the direction of Mr Maiden, visited 
the Bulb Pass and the Cataract Dam, passing through interestii^g 
country and a rich fein vegetation Mr Maiden also conducted the 
botanists over the Sydney Botanic Gardens and gave a special exposition 
of the Herbarium 

Of special botanical inteiest was the excuision from Biisbane to 
Nambour and the Blackall Hanges, showing sugai cane cultivation and 
many ferns, aeiial oichids and other chaiacteristic plants of the upland 
gullies 

Befoie the regulai woik of the Association began se\eial members 
of the Agricultin il bection took the oppoitumty of gnning some 
acquaintance with the special conditions of farming prevailing m 
Austiaha 

The chief questions that occupied the attention of the Section both 
in session and out of doois were diy faimmg, irrigation, and the bleed- 
ing of cereals In South Australia diy-faimmg methods weie leceivmg 
a searching test because of the prevailing drought Notwithstanding, 
the w^heat after fallow showed little sign of flagging, and impressed 
eveiyone by its biilliant gieen colour Visits were paid to the Rose- 
worthy Experimental Faim in South Australia and the Weiribee Faim 
in Victoiia At both places expeiiments weie m progiess to illiistiate 
the effects of various cultivations and of taking a fodder ciop before 
the wheat This laises one of the most important problems m 
Australian wheat-gi owing, the maintenance of the feitihty of the soil 
under continuous cioppmg At piesent it is contended that the system 
of alternate wheat and fallow, still moie so the rotation of wheat, 
stubble glazed by sheep, fallow, does not lesult in any diminution of 
the nitrogen content of the soil Accuiate data, however, aie lacking, 
and as it is difficult to undei stand how the normal recupeiative actions 
m the soil should be sufficient to maintain the stock of nitrogen it is 
desirable that this question, fundamental foi the futiiie of Austiahan 
farming, should be submitted to rigorous examination Diy faimmg 
problems were discussed geneially by the President, and m a \aluable 
paper by Dr Lyman Biiggs, who summarised the extensive mvestiga 
tions on the water leqinrements of plants that have recently been 
carried out at vaiious stations in the Great Plains of Noith Ameiica 
Several of the points bi ought out — the compaiatively low water lequire- 
ment of the millets and sorghums and the great variation m the waler 
requirements of various strains of lucerne — are likely to become of 
practical value As regards irrigation, in addition to the discussion at 
Melbourne, the Membeis of the Section visited the small irrigation 
colonies on the lower Murray, the colonies at Bacchus Marsh and 
Werribee, near Melbourne, and the gieat Yanco settlement in New 
South Wales, where a meeting was also held and papers read On the 
subject of cereal-bi ceding a fruitful discussion took place m Sydney 
Mr Beaven brought out the impoitance of what he terms the migration 
factor, not only m detei mining the yield of a given variety, but also 
as a means of picking out the high-yielding varieties among the great 
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number of seedlings with which the bieedei ah\ays has to deal It was 
pointed out that the value of seveial of Faiiei’s wheats must be due 
to then high migiation factoi Faiiei’s woik was discussed at some 
length, and the President of the Association pointed out how he woiked 
on Mendelian lines in pie Mendelian days, in that he bied his stocks 
from individuals picked out in the second and succeeding geneiations 
of cioss-breds 

Daiiymg is an mdustiy of gieat impoitance in Austialia, and 
received considerable attention m the Section by means of discussions on 
milk fields and milk lecoids, and on the cuirent types of milking 
machines, without which dairying can haidly be earned on m Aiis- 
tialia Some of the membeis of the Section mteiested in this side 
of the woik spent a large proportion of then available time amongst the 
dallying in the coastal distiicts of New South Wales and Queensland, 
and weie greatly impressed by the laboiii-sa\ing devices that have 
theie been adopted The pioblems of wool chaiacter and wool inherit- 
ance were laised both in the meetings and in the field, and though it 
will be long befoie so complex a chaiactei is bi ought undei control, 
the question did leceive some elucidation which may serve as a bisis 
for future woik 

The membeis of the Section owe a paiticuhi debt of thanks to the 
Agiicultuial Depaitments of the 'vaiious Stites, in eveiy case specnl 
iiisngementb w^eie made foi them, mdividualh and collectively, so that 
each nun had the oppoitunitv of seeing the loc d woik m which he was 
most interested 


RrsOLCTION BY TIIF Coi\( 1C 

\t the Meeting of the Council of the Associition held in London on 
Novembei b, 1014 it was lesolved — 

* Ihdt the Council of the British Association for the Advancement of 
btiente, at its fiist Meeting in London bince the letiun of Members tioni 
Austrilia, desiies to place on record its high appieciition of the generous lecep 
tion gi\en to the Members of the Overseas Paity thioughout the Commonwealth 
b> lepiesentitives of the Governments of the Commons e ilth and the States 
ind by othei authoiities and Australian citizens genei ilh , on the occa^^ion of 
the Meeting of the Association in Australia in 1914 The Council herebv 
expresses its giateful thanks for the hospitality pii\ileges and concessions 
extended so fieely to visiting Membeis, and also for the willing and valuable 
(ollaboi ition of all those who undeitook so successfulh the woik of organisation 
in Austialia in connection with the Meeting * 
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VISIT OF MEMBEES OF THE BRITISH \SSOCI\TION TO 
THE MEETING OF L*ASSOCI\TION FRANgAISE POUR 
L^AVANCEMENT DES SCIENCES, LE HAVRE, 1914 

It vas lepoited to the Council in Novembei 1912 that a lettei had 
been leceived fiom Dr A Loir, Diiectoi of the Buieau d’Hygiene, of 
Havre, and Local Secietaiy for the Meeting of L ’Association I'ian 9 aise 
poui I’A^jancement des Sciences in Havie in 1914, intimating that that 
Association and the municipality of Havie desiied to invite as guests 
leading Membeis of the British Association who might not be attending 
the Meeting m Austialia, and that all Members not attending that 
Meeting would be welcomed at the Meeting of the Fiench Association, 
also proposing that the Confeience of Delegates should meet in Havie 
Information had also been leceived fiom Di Loir that a Local Com- 
mittee, including some of the pimcipal Biitish lesidents m Havie, had 
been foimed for the leception of Members of the Biitish Association il 
the above invitation weie accepted The Council lesolved thit the 
invitation be coidially accepted, in geneial teims, and that details of the 
aiiangements be left m the hands of the Piesident and Geneial Officers, 
with the assistance of the following Committee Di J G Gaison, Di 
A Vernon Hai court, and Di P Chalmeis Mitchell The Committee 
w as empowered to add to its numbei 

It was decided m 1913, aftei discussion by the Couesponding 
Societies Committee, the Conference of Delegates at the Birmingham 
Meeting, the Geneial Committee and the Council, that the Confeience 
of Delegates should meet at Havre in 1914 

Beport to the Council of the British iswciation of the Committee for 
the Havre Meeting of V Association Frangaise pour V Aiancement des 
Sciences 

The Committee have to report that the Havre Meeting of the Association 
Fran 9 aise pour lA^antement des Sciences was held at Le Havre from the 
27th to the 31st of July Owing to the political situation it was found neces 
sary to curtail the duration of the Meeting somewhat 

About forty Members and Associates of the Biitish Association attended, and 
leceived a most cordial leception from their French confreres, several of them 
were also very hospitably entertained during tlie Meeting 

The final list of delegate officials from the British Association was as 
follows — 

Sir William Ramsay, K C B , F R S , Premier Delegate 
Sir Edward Brabrook, C B 

Dr J G Gar son Chairman of the Havre Committee 

Dr F A Bather, D Sc , F R S , Delegate of the Museums Association 

Professor A H Reginald Buller, Ph D , University of Manitoba 

At the General Inaugural Meeting Sir William Ramsay gave an eloquent 
address in French, which was much appreciated by the audience 

Two meetings of the Conference of Delegates of Corresponding Societies were 
held , the first under the presidency of Sir Edward Brabrook, who in the absence 
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f Sir Greoige Foidhdin, the Chau man of the Conference, read the addiess 
trepaied by the latter The ordmaiy business of the Conference was proceeded 
/ith The second Conference was held under the presidency of M Ray, and the 
rganisation of French societies was discussed 
At the concluding geneial meeting Sir William Ramsay again addressed the 
leeting, and returned thanks on behalf of the Members of the British Association 
Several papeis were contributed to the proceedings of Sections by Members 
f the British Association An important discussion took place on ‘ Units of 
Measure,* and the question was asked whether the Biitish Association would be 
billing to consider the mattei and co operate with the French Association 

No lepoit of the Havre Meeting would be complete without allusion to the 
plendid work done in connection with it by Dr Loir, the Local Secretary To 
Lim the Biitish Association visitors are very greatly indebted for his attention 
o then welfare and assistance during then stay at Havre 

The Committee also gratefully acknowledge the assistance and attention to 
he Alembers and Associates by H B M Consul at Havre, Mr C V Chui chill 
The best thanks of the Association are due to Sir William Ramsay for his 
ervices as spokesman and the efficient manner in which he discharged the duties 
»f piemier delegate 

The Committee lecommend that the thanks of the British Association should 
)e formally tiansmitted to the French Association for this opportunity of 
iiendly and fraternal co opeiation between the scientific men of both countries, 
Liid to Professor Giutier, the President, M Jules Siegfried, Deputy, the 
Jaire of Ha\re, and Di Lon 

The abo’se leconimendations wcie earned out by oidei of the Council 
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Corresponding Societies Committee — Report of the Committee, 
consisting of Mr W Whitaker (Chamnau), Mr Wilfred 
M4Rk Webb (Seeietary), Rev J 0 Bfvan, Sir Edward 
Br\brook, Sii H Cr Fordh\m, Di J G G\rson, Principal 
E H Griffiths, Di A C Haddon, Mi T V Holmes, 
Mr J Hopkinson, Mi A L Lewis, Ee\ T R R 
Stebbing, and the President and General Officers 
(Drawn up by the Secretary ) 

The Committee lecomrnencls that the Museums Association should be 
made an Affiliated Society 

Sii Geoige Pordham has piomised to pieside at the Conference of 
Delegates to be held at Havie at the invitation of the Fiench Associa- 
tion foi the Advincement of Science, and to give an Addiess on ‘ The 
History of the Endeavoui to Co-oidinate the Woik of Local Scientific 
Societies in Great Biitain 

The Committee lecommends that the following subjects should be 
discussed at the Conference — 

* Local Natural Hisfcoiy Societies and then Public itions,’ and ‘ Tlie 
Question of the Compilation of an Inde\ to the httei ' The fust sug- 
gested by the Heitfoidoliiie Natuial Histoiy Societ’^ , to be mtioduced 
by Mr John Hopkinson, and the second to be discussed by Mi William 
Cole and Mi Henry Whitehead on behalf of the Essex Field Club 
The Committee wishes to expiess its thanks to Mr W P D 
Stebbing foi his sei vices as Secietaiy, which he his liid to lehnquish 
owing to his absence abioid The Committee asks to be leappomted 
and applies foi a grant of 25/ 


Report of the Conference of Delegates of Cone^pontlinq Societies 
held at Havre on luesday, July 28, 1914, hy invitation of the 
Association Frangai^e pour VAiancemeni dcs Sciences 

Chairman — Sii George Fordham, J P , D L 

Vice Chairman — Sii Edward Brabrooe, C B , Du S A 

Secretary — Wilfred M\pk Webb, F L S , F R M S 

In the absence of Sir George Fordham, Sir Edward Brabrook, the Vice 
Chairman, presided, and the Corresponding Societies Committee was lepresented 
by Dr J C Carson, Mi John Hopkinson, and the Secretary, Mr Wilfied 
Mark Webb There were also present seveial Membeis of the British Asso 
ciation, other than delegates, as well as repiesentatives of the liench Associa 
tion, including Dr Loir, the Local Secretary 

Sir ^Idvvard Brabrook thanked the French Assocntion for the Advancement 
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of Science foi ha\ing invited the Conference of Delegates to meet at Havre, and 
then proceeded to read the Chairman’s Address on — 

The History of the Endeavour to Co ordinate the Work of Local 
Scientific Societies m Great Britain 

More than^thiity yeais have now elapsed from the period when an attempt 
was first made to group the local scientific societies of Great Britain and lie- 
land round the British Association, and to co oi din ate their work of local 
research and investigation on settled lines with that of the Association It is 
possibly, theiefore, an appropiiat© time for leviewing shortly, in the form of a 
presidential address, the results of this movement, and the success it has 
achieved The initiative m this matter is due to Mi John Hopkinson, then as 
now the moving spiiit of the Hertfordshire Natuial History Society, who m a 
lettei printed in ‘ Nature ’ on August 5, 1880, suggested a Conference of officials 
and annual delegates of local scientific societies during the meetings of the 
Biitish Association Such a meeting, small and mtormal, was held during the 
British Association week at Swansea in August 1880, when twelve representa 
tives were present from nine societies Mi Hopkinson was chan man of the 
meeting, and the following resolutions were adopted That this Confeience 
recommends that at future meetings of the British Association the delegates 
from the various scientific societies should meet with the view of promoting 
the best interests of the Association and of the seveial societies represented , 
that Mr Hopkinson and Mr H George Fordham be a Committee to carry out 
the views expressed at this Conference, and repoit to the Confeience of Dele 
gates to be htld at York in 18al, in accordance with the foiegoing resolution 

111 the result, four successive annual conferences were held at York (1881), 
at Southampton (1882), at Southport (1883), and at Monti eal (1884) They 
were arianged by a smill Committee, and the expenses were met by contributions 
to a fund formed for the purpose b^ the deleg ites themselves The interest in 
this movement was a growing one, and at the meeting in Montreal thiity eight 
societies were represented by thirty one delegates During the five yeais of 
voluntary activity in this mattei — to 1884 — ^many circulars and notices were 
punted and issued to societies, and representations were made to the British 
Association itself in furtherance of the idea of cooperation upon which these 
pieliminaiy Conferences weie based The minutes of these early Conieiences 
iiid the discussions and reports they include, with some manuscript addition, 
is the copies now in my hands have been completed, make up twenty two pages 
of octavo In similar form a * circular referring to subjects lecommended foi 
investigation by loc il scientific societies ’ issued by their Committee runs to eight 
pages These thirty pages of print and manuscript contain a gieat many in 
teiesting discussions and many valuable suggestions, and give the summaiised 
histoiy of the movement in its early and unofficial stage 

It would not seive my useful purpose to inalyse now these discussions of 
the suggestions made, md I do not piopose to do so, but it seems well to diaw 
attention to the effoit made in the period 1880 1884, and to found upon it as the 
historical bisis of what has been since developed 

The first stage of the official activity of the Biitish Association in connection 
with local scientific work and organisation was naturally one of inquiiy An 
investigation was set on foot through a Committee of the Association appointed 
in 1882 and reporting in the following year on the lines of what had already 
been done unofficially, in ordei to obtain exact and complete knowledge of the 
number of stientific societies in the United Kingdom which could be propeily 
classified as * local,’ their constitutions, the number of then members, and their 
objects, and in particular of the character, form, and frequency of their 
publications It turned out to be an exceedingly tiresome one, but in the end 
the number of societies of a local character of sufficient consequence and 
stability to warrant their being recorded in the list prepared, was found to 
be about 190, as to which the information obtained was grouped m eight 
columns The following paragraphs from the report of 1883 may be re( illed 
‘ The local societies differ widely in character Those which are established 
in large towns, and are not particularly well situated for carrying on systematic 
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local investigations^ are often of high scientific rank^ and their affairs are 
administered in a business like manner by a regular staff On the other 
hand, there are numerous smaller societies and field clubs, scattered over the 
country, which are excellently situated foi conducting local investigations, 
and are in many cases doing valuable work, but of which so little is generally 
known that it has often been difficult to discover their official addresses 
In some parts of the country the smaller societies either group themselves 
into what is practically a federation, or else affiliate themselves to some 
large society in their district, and the Committee think that if the local societies 
could more generally be induced to gioup themselves round what might be 
described as local sub centres, it would not be difficult to devise methods of 
uniting the representatives of those sub centies in the performance of interest 
ing and impoitant duties during the meetings of the Biitish Association, with 
the final effect of establishing systematical local investigation thioughout the 
country, and uniformity in the modes of publishing the results The recom 
mendations of the Committee will tend wholly m this diiection, because, 
although they have considered many plans of fulfilling their instiuctions in a 
direct mannei, no plan recommends itself to them as superioi to this indirect 
method in its capacity for producing viluable and durable effects It can 
hardly be doubted that numerous systematic investigations of a local chaiacter 
will continue to be carried on, and that their successful prosecution would 
lesult in important gains to science Neither does it appeal doubtful that the 
successful prosecution of such investigations by the smallei local societies would 
be greatly encouraged and facilitated by the general interest shown in their 
work by the more influential societies in their neighbourhood, by a watchiul 
oversight, a readiness to discuss and publish results, and by the personal in 
fluence of their leading members The Committee offer the recommendations 
they are about to make in the trust that they will seive to remind the more 
important local societies of the high and useful function they ire able to pei- 
form by entering into friendly and helpful relations with the small and scat 
tered societies of the respective districts, and by offering themselves as their 
scientific representatives wherever representations may be necessaiv ’ 

Subsequently, at a meeting of the General Committee of the Asssociition held 
in London, on November 11, 1884 (by adjournment from Montreal), Rules 
proposed by the Council, upon the recommendations of the Committee ot 
1882 3 were finally adopted, and incoiporated with the Rules of the Asso 
ciation In accordance with the new rules a * Corresponding Societies Com 
mittee,’ consisting of (as then printed) Mr F Galtoii (Chairman), Professor 
Williamson, Captain D Galton, Sir J D Hooker, Professor Flower, Professor 
Bovd Dawkins, Sir Rawson Rawson, Dr Garson, Mr J Evans, Mr J 
Hopkinson, Mr Meldola, Mr Whitaker, Mr Symons, and Mr Fordham 
(Secretary), was appointed by the Council, and thereafter the whole of the work 
previously carried on, or attempted, by a voluntary body became a part of the 
official machinery of the Association, and the history of the official relations 
of the British Association and local scientific societies is found in successive 
annual reports of the Corresponding Societies Committee These commence in 
1885 In that year the Committee publish the first list of societies recom 
mended by them for admission to the Roll of Corresponding Societies, 39 in 
number, a selection from amongst 52 applications They also issue an Index 
List of Papers published during the previous year by these societies, arranged 
in groups according to the subjects referred to the various sections of the 
Association The Index List m this form has been continued to the present 
time In the Report for the following year (1886) are incorporated the proceed 
mgs and a report of the discussions which took place in the two Conferences of 
Delegates held during the meeting of the Association The foim of publication 
of this Annual Report and of the matter it contains has been since followed 
systematically It would be impossible to summarise the whole series of these 
Imports within any reasonable compass, but some salient points may be noticed 
As regards the number of societies officially associated with the British Associa 
tion and the work it carries on the following figures may be given In 1886 
the societies which nominated delegates for the Conference numbered only 24 in 
the following year they were 32 At the end of the first decade, in 1896, they had 
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Tisen to 49 In 1906, when an additional class of corresponding societies had 
been cieated, they rose again to 72 In 1912 and 1913, when only those 
delegates who weie present at a Conference were recorded, with the societies 
they lepresented, the figuies aie 52 and 55 respectively This shows actually 
a progressive improvement throughout the whole period in the interest taken 
in the annual Conference and its work In the same period the list of 
societies enrolled undei the rules as Corresponding Societies is in 1886, 36 in 
1887, 38, in 1896, 66, m 1906, 80, m 1912 and 1913, 114 and 107 Thus the 
system set up in 1884, as since modified from time to time, seems to have 
obtained at least the success of an increasing numerical support for the idea 
of co ordination of local scientific woik through such a central body as the 
British Association As regards the discussions at the Conferences and the 
various suggestions made, as well as the work done centrally in the endeavoui to 
promote the co ord mated activity ot local societies, one is struck in reading 
thiough the annual Reports, as published from 1886 onwards, with their great 
value and inteiest In every form, md with all possible suggestions, and a 
mass ot valuable piactical knowledge, those discussions have been earned 
on thiough the whole period If the fruits of this consideration of the possi 
bilitios of the case had been at all m propoition to the labour and ability 
bestowed on the elucidation of the various subjects discussed, the advance in 
the utility to bcien< e of the local societies would be very great indeed In 1904 
the Chairman ot the Conference, m reviewing the situation at that date 
lemaiked that the results ot the labours of the Conferences of the Delegates of 
Coi responding Societies ‘have scarcely been commensurable with the expectations 
ot those who instituted this body, oi with the possibilities of the situation 
Now, ten years latei, and speaking as one of those who took part in the cieati\e 
stage of the piescnt system I am obliged to adopt the same opinion It is 
certain thit this system has been built up with care, and with a coidial desiie 
to make it an efficient and helpful machine foi the purposes contemplated so ±ai 
as the officers of the British Association aie concerned and with the acti\e ind 
zealous assistance of the members of the Corresponding Societies Committee 
It seems equally cleii that scattered throughout the membership of the local 
societies, aie a considei ible number of persons who have welcomed the elfoits oi 
the British Association m this direction, and have done their best to suppoit 
them fiom the side of then societies From the very beginning the weakness ot 
the secretaiial staff of the local societies has appaiently been the difficulty in 
the way of succeos It is hard to see how this difficulty can be got o\er It is 
probable that heie and there the local work of societies has been directed and 
stimulated, chiefly, no doubt, thiough the peisonal action of the delegates 
themselves 

Having legal d to the value of many of the addresses and communications 
submitted to the innuil Conferences, covering as they do the whole giound ot 
the possible useful activity of local societies, it would seem almost worth con 
sideriiig whether the publication of a selection from these materials, giouped in 
some systematic foim, could not be undertiken, so as to create a kincl of code foi 
the guidance of local soc leties in their activity 

One veiy valuable and important work carried on in connection with the 
grouping of Corresponding Societies is that of the compilation of an annual 
Index List of then scientific publications I endorse the observations on this 
point which aie to be found in the Report of the Corresponding Societies 
Committee foi 1898 ‘ As the great majority of the societies, the main purpose 

of whose existence is local scientific investigation, are now on the list of 
Corresponding Soiieties, the Index of their most important papers approximates 
to completeness more and more each year as a record of local work ’ Whatever 
else may happen, it is to be hoped that this annual List may continue to be 
prepared and published by the British Association 

I am far from thinking that the attention called to the relations of local 
societies to general scientific wmrk duiing the long series of meetings held sime 
1882 has been useless or melfectiye I belieye that in general much good has 
been done throughout the country, and I am sure there is much yet to do m 
this direction 

Dr J G G\rson said that since the Conference had been officially recogni'scd 
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he had been Chairman twice, and had held the office of Secretary He 
endorsed Sir George Fordham’s opinion with regard to secretaries He thought 
that honorary woik was badly done, and that the duties which secretaries of 
societies were called upon to carry out should be divided 

Mr T Sheppard (Yorkshire Natuialists’ Union) proposed that the Confer 
cnce send its best thanks to Sir George Fordham for his Address, which seemed 
a useful summary of the work of the Conference of Delegates 

On one point he wished to join issue with Di J G Gaison, Who had stated 
that honorary secretaries were usually bad secretaries H( knew of several,, 
both paid and honorary, and his expeiience was usually not in favour of the 
paid official He certainly found that an honorary secretary was enthusiastic, 
and had his heart and soul in the work, and worked well, while, as soon ae 
he received a payment, his duties savoured of ‘work’ and he lost interest in 
them In the room were Mr John Hopkinson Mr Lower Cirter, Mr Mark 
Webb, and others, whose work was certainly well known and was honorary 

Principal WmoN Davies (University College, Baiigoi) seconded the vote 
of thanks to Sir George Fordham, and asked whethei it was possible for the 
committee of a museum to send a Delegate to the Conference of Corresponding 
Societies 

The subjects chosen for discusmon were (1) ‘ Local Natural Histones and 
their Publications,’ (2) ‘ The Question of the Compilation of an Index to the 
Latter The fiist was mtioduced by Mi John Hopkinson, F L ^ , F G S , in 
the following papet entitled — 

Local Natural History Societies and their Publications 

The first essential in opening this discussion is perhaps to define its title so 
that the discussion may be neither too diffuse noi too restricted I use the term 
‘Natural History’ m its widest sense, as covering the whole of Nature on, 
beneath, and immediately above the surface of our earth, ind therefore including 
geology and meteorology The term * local ’ lestricts the inquiry to societies 
which are formed to investigate the Natural History of a particular area, such 
area in England usually being a i ounty When the county is large, a numbei of 
local societies, having their own independent organ sation, may federate, forming 
one composite society such as the Yorkshire Naturalists’ Union, and the several 
societies in a number of counties mav also do so, for example, the South Eastern 
Union of Scientific Societies 

I would therefore restrict the term ‘Local Natuial History ’Society’ to those 
formed to investigate the Natural History of then locality, and no others I 
submit have a latson d\tre How then can this object best be accomplished' 
It would be impossible to form such a society without suitable material, men or 
women who study Nature To bring them together the subscription should not 
be high, nor should there be any distinction of class All natuialists whatever 
their social position may be, should be welcomed and should be invited to bring 
before then society the subject of then special study The next essential is an 
efficient secretary, who, besides having the gener il management of the societv , 
should study its members pick out the workers, and induce them to lay the 
results of their investigations before the society At first the result may be 
desultory, but in course of time it will probably become more snd more systematic 
Thus one member may be induced not only to take meteorological observations 
but also to undertake the duty of meteorological lecoider, collecting the observa 
tiOTis of others and in every county or nearly so there is a more or less numerous 
army of rainfall observers Another may act as geological recorder, describing 
sections and photographing them especially those of a temporary nature Yet 
another may be an ornithologist, the camera here again being most useful, and he 
should be induced to give to the society an innual report on the birds which not 
only has he observed himself, but also including the observations of his corre 
spondents The most popular of the annual reports of the Recorders of the 
Hertfordshire Natural History Society is that of the Recorder of Buds, not only 
of our present Recorder, but each one for the last thirty five years has been so 
In botany an effort should be made to compile a flora of tlie county, phanerogamic 
and cryptogamic, if there is not one of somewhat recent compilation already in 
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existence, and it theie be such a floia the duty of the Recorder would be to keep 
it up to date by his own observations and those of his correspondents These iie 
meiely somewhat laiidom examples of what a local society should do 

In but few localities, howevei, can such a society entirely rely upon active 
workers, there must be drones in the hi\e to supply the necessary funds by their 
subscriptions and to add to the numbers attending the meetings, and for them it 
will be necessary to provide popular lectures, which are now almost invariably 
illustrated by lantern slides In selecting such lectures regard should be had, so 
tar as possible, to make them, while entertaining, conducive to serious study, so 
that there may be from time to time drafted from the army of drones recruitb to 
swell the less numerous company of workers The field meetings should be 
designed to investigate some special subject, for instance, the geology, botany, or 
some branch of the zoology of a district, under competent guidance, and while 
they should never be allowed to degenerite into picnics or mere pleasure parties, 
there is no reason why an occasional invitation of hospitality should be refused 

In a fairly large society the workers may be sufficiently numerous to foim 
sections, each with its Recorder or ihecietary, but it is only in very large ones 
thit the sections should hold meetings to which the members generally are not 
admitted 

It is scarcely necessny to add thit one of the obiects of the Society should be 
the formation of a library of works on N itiual History, especially of mono 
giaphs or books which will enable species to be identified 

These brief lemarks may suffice to promulgate i discussion on the general scope 
and management of a Local Natural History Society, and I therefore proceed to 
the scconci part of my title, the Public itions of such societies This I will <011 
sidei, and I should like to be discussed, entirely from the point of view of a 
bibliogiaphei The question is therefore How can the publications be rendered 
most useful and most easily referred to and quoted by inquirers on the subjects 
of which they treat’ The Editors of many, if not of most of the Local Natuial 
History Societies of the British Isles, appear to strne to make this most difficult 
Iheiefore I will biiefiy, and as I hive not the time at my disposal to gi\e my 
reasons 111 detail it may appear dogmatically, lay down certain rules which I 
think should be strictly adhered to 

Howevei much or howevei little is jirinted in i yeai, a volume with consecu 
tne pagination, or it may be with two scries of pages, one with \rabic numei rls 
foi the transactions or papers published, and the o+hei w ith small Roman 01 italic 
numerals for the proceedings or accounts of the meetings, should e\entually be 
produced, and this volume must not be so thin rs to tempt two or more being 
bound in one, noi so thick as to require its being divided when bound From 
300 to 600 pages is peihaps the greatest lititude which should be allowed to a 
\olume, but much will depend upon the thickness of the paper and the numbei of 
pi ites It IS immaterial whether two or more such \olumes are produced in a 
year, or whether one \olume takes sever il years to complete This \olume must 
have a title page with tlie date of its completion and place of its publication a 
table of contents at the beginning and an index at the end, and somewhere within 
it that IS, not only on the coveis of the parts which it comprises, the date of 
publication of each part (month and year), with the numbers of the p^ges of 
which each part consists It can then be iscei tamed at a glance m what part 
any paper afipeared and the date of its publication It is also advisable tliat 
after the table of contents theie should be r list of the plates and of the text 
figuies, in each case showing their positron in the volume 

When luthois ire supplied with separate copies of then papers the original 
pagination must be maintained, and in such copies not only on their covers, must 
be printed the name of the publication which may be abbreviated, and the 
volume, part, and date (month and year) As copies of papers may be cut out of 
a volume it is an excellent plan, now adopted in the ‘ Transactions of the Hert 
foidshire Natural Historv Society* to print in small type at the end of each 
paper on the bottom of the page, the above particulars, which need not occupy 
more than one line and look best in italics If that be done, what a bibliographer 
requires to know cannot 'be lost 

There are very few of these conditions, I may perhaps call them rules, which 
are generally obseived in the publications of oui smaller natural history societies 
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Many such call their publications ‘Annual Reports ’ They may consist of not 
more than one or two sheets octavo (sixteen or thuty two pages each Report 
being separately paged It may take ten or twenty to form a volume sufficiently 
thick to bind As usually they have neither table of contents nor index, to ascer 
tain whether a volume thus made up contains a papei on a certain subject nearly 
e\ery page has to be turned over There is as a rule no indication of the date of 
issue, and this is also usually the case with the separate paits of mpre pretentious 
publications, which may be called ‘ Journals,’ ‘ Transactions,’ or ‘ Proceedings,’ 
at least after the covers have been lemoved, copies without the covers bound in 
being then absolutely useless to a bibliographer Sometimes the index appears 
at the beginning, when one naturally looks for it at the end, such index occasion 
ally being called ‘ Contents ’ An index is, of course, alphabetical, and it is 
advisable that theie should be only one, and not separate indexes of names, 
places, and subjects Contents should comprise a list of the papers in the 
sequence in which they appear in the volume 

There, IS only one other point to which I desire to call attention, and that is 
the nature of the contents of the publications of a Local Natural History 
Society The papers printed should be almost entirely those giving the results 
of original work, and, at least in a small society, foi the sake of economy, as 
little space as possible should be given up to such things as iiiles and lists of 
membeis It will usually suffice when a volume, as already defined, extends over 
several years, as is frequently the case with a small society, to gi\e such things 
once only in each volume Let me give you examples one 'will suffice of the 
wrong way and two of the right way, and I may absolve myself from libel if I 
do not give the name of the society which transgresses Its last publication is 
called ‘ Annual Report and Proceedings * It is paged 1 48, not forming part of 
a \olume Except on the cover there is no date nor place of publication Its 
chief contents aie the Rules and Library Rules, Additions to Museum and 
Libraiy, Financial Statement , Hon Secretary s, Cuiatoi’s, and Sectional Secre- 
tiries’ Reports, and Lists of Members, past Presidents, and Associated Societies 
The only additions to our knowledge of the Natural History of its locality are 
contained in a few pages of the Sectional Secretaries’ Reports The subsciiptions 
of its members exceed 200/ per annum 

As examples of what I think should be published I will take the last part of 
the ‘ Transactions of the Hertfordshire Natural History Society,’ the Society of 
which our present Chairman, Sii H George Foidham, is now Piesident, and the 
last part of the ‘Journal of the Hastings and St Leonards Natural History 
Society ’ issued under the main title of the ‘ Hastings and East Sussex Naturalist ' 
The Herts Society’s ‘ Transacjtions ’ form Pait 3 of Vol XV, running fiom 
p 105 to p 192, and contain the following papers Mimicry and Protective 
Resemblance (being the former President’s Address) , The Building of a Mille 
pede’s Nest (illustrated), Hertfoidshire False scorpions. Note on the Occuirence 
of Pal modict i/on vmde in Hertfordshire, The Crustacea of West Heits, The 
Weather of the year 1912 in Hertfordshire, On some Strata recently exposed in 
the Railway Cutting between Oxhey and Pinner, Notes on Birds obseived in 
Heitfoidshire during the year 1912, Hertfordshiie Gentians, Botanical Obseiva 
tions in Hertfordshire during the years 1911 and 1912 , Report on Land and Fresh 
water Mollusca observed in Hertfordshire in 1912, Recent Discoveries of Pre 
historic Horse Remains in the Valley of the Stort (illastiated) , Witches’ Brooms 
on the Beech, The Weight lifting Powers of Wasps, and Repoit on the Pheno 
logical Observations in Hertfordshire for the yeai 1912, with eight pages of 
Proceedings, xvii xxiv The papers were read between October 1912 and 
November 1913, and not one can be taken out without all which a bibliogiaphei 
requires to know being on it, for at the bottom of the last page of each papei is 
the line Trans Hertfordshire Nat Hist Soc , Vol XV , Part 3, May 1914 
The Society is only a small one, the subsciiptions of its membeis scarcely 
amounting to 50/ per annum It has published an excellent ‘ Flora of Hertford 
shire * 

‘The Hastings and East Sussex Naturalist’ run** from p 91 to p 142 of 
Vol II The contents of the part are Autobiographical Note by the Rev E N 
Bloomfield (with portrait) , Pioneer Work on the Fauna and Flora of the Hastings 
District , Annual Notes on the Local Fauna and Flora , Note on My cent Crocata^ 
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Fries, On the Recent Incursion of Waxwings, On the Arrival of Summer 
Migratory Birds in the Hastings District, 1893 1913 , Rare and Unique Sussex 
Oligochets , A Cross channel current at St Leonards , and Wealden Floras an 
admirable selection of local papers There is, however, one slight omission, 
that IS, a headline to each page, which should give the title, abbreviated when 
required, of each paper, and there is one very serious erior the date on the cover 
IS correctly given as July 14, 1914, but the only date inside, on the first page, 
13 April 18, I 9 I 4 , so that were the cover removed that would be assumed to be the 
date of publication There are important new records of species the correct date 
of the publication of which is essential, and this antedates them by three months 

I need only add that I shall be pleased to hear any comments on m^ views 
Though you may think that I have been rather severe in my strictures on those 
who unduly augment the labours of a bibliographei , I hope you will admit that I 
have been so a bon droit 

The Secretary announced that no communication had been recei\ed fiom 
the Essex Field Club which had suggested the compilation of an index to the 
publications of Local Scientific Societies ^ 

Dr F A Bather (Museums Association) welcomed the piactical suggestions 
of the author with regard to methods of publication They were essentially 
the same as those made some twentv years ago bv a Biitish Association Com 
mittee on Zoological Bibliography and Publication, and distributed widely 
One point, however, was not dealt with bv the authoi, namely, the distribution 
of authors’ copies in advance of publication, as to this, piactical suggestions made 
bv the Committee had been adopted by miny societies, including eventually 
the Biitish Association itself The proposal to foim a geneial index did not 
seem of a value commensurate with the laboui Each volume, of couise, should 
be indexed, but for the rest the indexes and analytical bibliographies already 
being pioduced (e g , Zoological Record) should suffice He would lefer dele 
gates to a report on the proper method of making up books lecently issued by 
the Library Association and reviev^ed in T/iP Mu earns Journal 

The Chairman said he agreed with the authoi, and would go still further 
by suggesting that in all cases a paper should begin on an odd page He 
thought that the publication by local societies of their work v^ould alwavs be 
necessary, inasmuch as, for want of space, that woik could not be adequatelv 
recorded by central or geneial societies He proposed a vote of thanks to ^Ir 
Hopkinson, which was unanimously accorded 

Ml T bHEPPARD spoke on the question of the publication of a geneial index, 
with some doubt as to its practicabihtv The woik was so verv enoimous 
With regard to Yorkshire alone, he had been busy with an index now foi over 
tliiee years, and when completed foi the Yorkshire Geological Society it would 
probably cost well over 1(X)? Many societies had already prepared in index 
to their publications when they had co\eied a iiimibei of years The&e, and the 
well known general indexes, and bibliographies issued from time to time, should 
suffice 

Dr F A Bather regretted that, by the rules of the Biitish Association, a 
premium had been placed on the issue of publications, and thought that aid 
would be valuable to and valued by the smaller societies, which often did good 
work but wisely refrained from needless publication As for the collection of 
publications made by the British Association, it v\ould be of more value to 
scientific workers if it could be transferred to the Library ot the British Museum 
(Natural History), which experienced great difficulty in obtaining veiv manv of 
these local reports 

Ml John Hopkinson (Hertfordshire Natural Historv Societv) could not 
admit Di Garson’s contention that good work was not done gratuitously He 
was familiar with the methods of management of many ot our provincial 
societies, and could testify to the self sacrificing devotion of then secretaries 
to the duties of their office, some of the best original work was also done by 
amateurs, especially in geological investigations He could assure Dr Bather 
that the British Association did not ignore the smaller non publishing societies , 

^ A paper by Mr William Cole, A L S , and Mr Henrv Whitehead, B Sc , 
has since come to hand and is appended 
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for in addition to the Afi&liated Societies -which publish the results of oiiginal 
locdl mvebtigdtion, there are Associated Societies which need not so publish, 
but must consist ol at least fifty members, and have been established not less 
than thiee years The Delegate from an Aflaiiated Society must be a Member 
of the Association, that from an Associated Society may be an Associate, and 
although they had not quite the same privileges, all met on equal terms at the 
Conferences 

The meeting concluded with a vote of thanks to the Vice-Chairman tor 
presiding 

A Bibliography of the Puhlicaltons of Local Scientific Societicb 

We venture to place before the Conference some suggestions for a piece of 
work which might be undertaken by the Committee of the Conference, on behalf 
of the British Association, to the gieat benefit and encouragement of the numeious 
amateur naturalists in the country, and a work which would even be useful to 
students and practical workers in science of higher pretensions It is that i 
full bibliography of all papers contained in the Transactions and Jouinalb of 
Local Scientific Societies of Great Biitain and Ireland should be compiled and 
published The value of such a work has forcibly suggested itself during the 
collation and binding up of the extensive series ot these publications contained 
in the library of the Essex Field Club It was abundantly evident how much 
information, the result of painstaking research, lies practically buried in these 
Transactions and Journals, information which cannot be obtained from any othei 
sources A classical instance may be mentioned of Mendel s woik lying un 
known foi over thirty years 

Methods — ^Some suggestions as to methods may be put foiward The 
Biitish Association should supply index slips to eich society The societies 
should undertake to catalogue (under vSubjects and Authois) by means of such 
slips, the more important papers and notes which have been published in then 
Journals during the whole course of their existence In doing this it should be 
borne m mind that even short papers may be of great impoitance as containing 
local facts or giving suggestions for future work And the active officers of 
each society would be the best judges of the value of such papers and notes 
The index slips should then be forwarded to an expert bibliographei ippointed 
by the Britisjfi Association 

Each society should also furnish full mfoimation as to the titles ind mode 
of publication of their Journals and other woiks published by them, together 
with notification of such libraries as are known to contain these books 

The bibliography might be published in two foims — 

(1) Ordinary book form printed on both sides of the papei 

(2) >Slip index form 

By means of the second mode of publication each society would be abh to 
obtain an index of its own publications separately from the complete biblio 
giaphy As many societies have acquired extensive hbraiies by exchange, su(h 
a bibliogiaphy as the one suggested would be an invaluable adjunct to their 
catalogue of public itions Each society whose publications are thus indexed 
might be asked to subscribe for at least one copy of the bibliography, and 
inasmuch as this would ser\e in many cases as an index catalogue to then own 
libraiies, doubtless a veiy considerable number of individual membeis would 
also subscribe And a great number of public libraries, and libiaiies of 
societies, both here and in America would also subscribe, so that in all 
piobability the publication of the bibliography would nay foi itself 

Although scientific periodicals other th in those published by societies have 
been excluded from our scheme, the publishers of important scientific journals 
should be approached in order to see if it would be possible to extend the 
bibliography in this diiection 

We merely put these terse suggestions foiward as a bisis for future dis 
cussion The full working out of the scheme could be elaborated latei But 
we are fully impressed with the importance and interest of the work 

Wm Cole, Hon Secretary and Curator of 
the Essex Museum of Nat H%st 
Henry Whiiehead, Assistant Curator 
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A number of Corresponding Societies at the invitation of the Committee 
kindly sent copies of their publications, which were exhibited during the meeting 
of the French Association foi the Advancement of Science, and were subsequently 
handed over to Dr Loir 

The following Delegates attended the Conference and signed the attendance 
book — 

AFFILIATED SOCIETIES 

CardifE Naturalists’ Society 
Essex Field Club 
Glasgow Natural History Society 
Hertfordshire Natural History Society and Field Club 
Hull Geological Society 
Hull Scientific and Field Naturahsts’ Club 
London Quekett Microscopical Club 
London Selborne Society 
Manchester Microscopical Society 
South Eastern Union of Scientific Societies 
Yorkshire Naturahsts’ Union 


W Mark Webb, F L S 
W MarkWtbb FLS 
Mrs Ewing 
John Hopkinson F G S 
T Sheppard, FGS 
T Sheppard, FGS 
C F Rousselet 
W Mark Webb, FLS 
Mark L Sykes, F R M S 
A W Oke, FGS 
T Sheppard, FGS 


ASSOCIATED SOCIETIES 


Balham and District Antiquarian and Natural 
History Society 

Hastings and St Leonards Natural History Society 
Lewisham Antiquarian Society 
School Nature Study Union 
Watford Camera Club 


Sir Ed^^ard Brabiook, CB 
George Willson 
Sir Edward Brabrook, C B 
W MarkWtbb, FLS 
John Hopkinson, I G S 


Di F A Bathei, IRS, repiesenting tne Museums Association, also attended 
the Contcience 

On July 31 Di Giison, Mi Hopkinson, Mr Rousselet, Mi Sheppaid, ind 
Ml Webb attended a loint meeting ot the Education Section of the trench 
Association and the Conference of Delegates of the Biitish Association called 
to consider the advisabilitv of instituting a Conference similir to the Biitibh one 
Professor Julien Ra\ piesided 
The following subjects were discussed — 

I Co ordination of the Worh of Local Soncties 

Di Loir explained the iii ingements and the objects of the meetings held 
in connection with the Biitish Association by the Delegates of Coiiesponding 
Societies 

He asked that the Fiench Societies should be leprescnted on the Council of 
the Fiench Association foi the Advancement of Science Up to the present, this 
had not been the cise The French Association sent lettuieis to the societies 
With the Congiess, ot learned Societies this is not the end m mcw 

Mr Hoikinsox (Hertfoidshire Natuial History Society) comphing with tlie 
lecjuest of the Piesidcnt, gave a brief outline ot the oiigin and eaih history of 
the Confeiences of Delegates He said that when he became a membci of the 
Biitish Association (in lb71) the President of anv scientific socitt\ publishing 
Ti insaciions, oi in his absence a Deleg ite representing him might claim to be i 
membei of the Geneial Committee at the meeting he itteiided, and the names of 
those whose claims weie admitted and of their societies weie punted separateh 
in the list of membei s It occurred to him that it might be to the ad\antage of 
the societies and pcrhips also of the Association, if these Delegates could meet 
to discuss matters relating chieflv to the management of then societies and the 
oiiginal work which might usefullv be done by them, but as the rule stood it 
their Piesidents were present then Secretaries could not be Delegates, and it w is 
most important for the Secietaries to meet Therefore at the meeting in 1879 
he suggested to the Council of the Association the admission, as a membei of the 
General Committee, ot the Secretary of any duly qualified society as well as the 
President, and this suggestion being fayourably recei\ed, a new rule adopting it 
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•was duly passed The first Conference "v^as held at Swansea in 1880, and at this 
a Committee, consisting of Sir George Fordham and himself, was appointed to 
arrange for future Conferences These were held, unofficially but with the 
sanction of the Council, at York in 1881, Southampton in 1882 (when Professor 
Meldola was added to the Committee), Southport in 1883, and Montreal in 
1884 After this a Corresponding Societies Committee was officially appointed to 
manage the Conferences of Delegates, and the rules were altered, reducing the 
number of Delegates from each society to one, who need not be either President 
or Secretary of his society 

During the period of the unofficial Conferences, in 1882, a ‘ Circular lefeiring 
to Subjects recommended foi Investigation by Local Scientific Societies * was 
issued to the Corresponding and other Societies This included the work of 
three Committees of the British Association and three subjects investigated by 
other societies oi by individuals In 1890 the Hertfordshire Natural Histoiy 
Society issued a circular extending that list, but omitting one Committee which 
had concluded its labours This list was as follows — A Investigations con 
ducted h} Committees ot the British Association 1 Tempeidture of Surface 
water 2 Underground Wateis 3 Eiosion of Sea coast 4 Erratic Boulders 
5 Geological Photography 6 Disappearance of Native Plants 7 Fresh 
water Fauna and Flora 8 Pie histone Bemains B Investigations conducted 
by other Societies or by Individual Obseiveis 1 Kainfall 2 Phenological 
Phenomena 3 Injurious Insects 4 Aichneological Survey of England In 
each case brief instiuctions to obsei\eis weie given, and also the names and 
addresses of those to whom the results were to be communicated This circular 
copies of which weie sent to most of oui provincial societies, appears to ha\e 
done much to direct their attention and then energies into useful channels He 
might add that the Corresponding Societies entered con amore into the project, 
each Society or Delegate subsciibing 2s 6d per annum for the cost of the first 
fi\e Conferences chiefly expended m printing reports of them which were sent 
to all the societies 

Mr Hopkinsox then said that he would lea\e to Dr Garson the duty of 
explaining the organisation of the Conferences of Delegates by the Corresponding 
Societies Committee as an official department of the British Association from the 
year 1885, and he concluded his lemarks with an expression of gratification at 
the courteous request of the Association Frangaise that we would explain oui 
methods to them, and the compliment implied by this request 

Dr Garson then gd\e some further details supplementing what had been said 
by Mr Hopkinson and pointing out the advantages derived bv the Affiliated 
Societies 

Dr Loir and Professor Ray This is the object to be pursued in France, 
we ought to follow the lead of the British Association and leport what has been 
said at the Conterence to the various French Societies 

II The Question of Units 

Monsieur J Hfnriet raised the question with legard to the changes which 
were to be made in the French Units 

Dr Garson spoke of the recent introduction of the metric system in England 
into biological and medical investigations 

Mr Hopkinson said that the British Meteorological Office had recently 
adopted the metric system in the publication in the ‘Monthly Weather Repoit* 
of certain meteorological observations From May 1 this year barometer read 
mgs were given in centibars and millibars (to the tenth of a millibar), lainfall 
observations in millimeties and wind velocities in gales in metres per second 

Mr Wilfred Mark Wfbb, at the request of the meeting, undertook to ask 
the Council of the British Association to give an opinion direct or through the 
appropriate Committee on the changes in the French system on receiving details 
of the same 

The result of the meeting was that it was decided to arrange a Conference at 
the meeting of the French Association in 1915 as nearly as was possible on the 
lines of the British one 
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Catalogue of the more important PaperSy especially those referring to Local 
Scientific Investigations, published by the Corresponding Societies 
during the year ending May 31 , 1914 

*** This Catalogue contains only the titles of papers published in the volumes or 
parts of the publications of the Corresponding Societies sent to the Secretaiy of tlie 
Committee in accordance witli Rule 2 

Section A — Mathemaiical and Physical Science 

Aikslie, M a a Variation of Che'^hire’s Apeitometer ‘Journal Quekett Mic 
Club,* xn 287-290 1914 

Akehurst, sc a Changer for Use with Sub stage Condcnseis ‘ Journal Quckctt 
Mic Club,* xn 277-278 1914 

Some Observations concernmg Sub stage Illumination ‘ Journal Quekett 

Mic Club,* XTi 301-308 1914 

Beattie, Prof J C Further Magnetic Observations in South Africa ‘Tians 
Royal Soc of S Africa,* iv 9-56 1914 

True Isogcnics, Isoclmals, and Lmes of Horizontal Intensity foi the Noith 

Western parts of the Union of South Africa and foi part of Great Namaqualand 
for the Epoch July 1, 1908 ‘ Trans Royal Soc of S Africa,* iv 57-63 1914 

Bulman, H F The Weather at Bumopfield during 1908 ‘ Trans Vale of Der 

went Nat Field Club,* i 159-169 1913 

Bubnib, Dr W Bbckit Polarized Light ‘Repoit Biighton and Hove N H 
Phil Soc * 1912-13, 7-9 1913 

Cadman, Prof John (N Staffs Inst Eng ) Notes on the Effect of Tempeiature 
m Mines in Great Britain ‘ Trans Inst Min Eng * xlv 509-518 1913 

Chant, C A An Extraordmary Meteoric Display ‘Journal Royal Asti Soc 
of Canada,* vii 145-215 1913 

Further Information regarding the Meteoiic Display of February 9, 1913 

‘ Journal Royal Astr Soc of Canada,* vii 438-447 1913 

The Motions of the Stars ‘Journal Royal Astr Soc of Canada,* viii 21-35 

1914 

Chfshibe, Frederic J Two Simple Apertometers for Dry Lenses ‘Journal 
Quekett Mic Club,’ xii 283-286 1914 

Collier, H B Meteorites ‘Journal Royal Astr Soc of Canada,* vii 313-322 
1913 

Cornwall Royal Polytechnic Society Report of the Obseivatory Committee 
26 pp ‘ Report Royal Cornwall Poly Soc * 2 (ns) 1914 
Cr\w, James Hew at Account of Rainfall in Berwickshire — year 1911 ‘ History 
Berwickshire Nat Club,’ xxi 321 1913 

Account of Temperature at West Foulden — year 1911 ‘ Histoiy Bciwick 

shire Nat Club,* xxi 322 1913 

Account of Rainfall and Temperature in Berwickshire — year 1912 ‘ Histoiy 

Berwickshire Nat Club,’ xxii 44-45 1914 

Cresswbll, Alfred Records of Meteorological Observations taken at the Observa 
tory, Edgbaston, 1913 ‘ Birm and Mid Inst Sci Soc * 28 pp 1914 

Dawson, W Bell The Tides of Hudson Bay ‘Journal Royal Astr Soc of 
Canada,* vm 98-107 1914 

Day, T Cdthbebt Some Astronomical Problems ‘ Trans Edmburgh F N Mic 
Soc * VII 38-46 1913 

Denning, W F Notes on the Great Meteoric Stream of 1913, February 9 ‘ Journal 

Royal Astr Soc of Canada,* vii 404r-412 1913 

Apparent and Real Size of Meteors ‘Journal Royal Astr Soc of Canada, 

vin 108-111 1914 

Fawcett, Thomas The Boundary Survey between Canada and the Umted States 
East of the St Lawrence River ‘Journal Royal Astr Soc of Canada,* vii 
323-339 1913 
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Garrett, Dr J H The Chmate and Topography of Cheltenham and its near 
Neighbourhood * Proo Ootteswold Nat Field Club,* xviii 1 37-1 55 1913 

Hardy, V C Meteorological Observations at Oundle School, 1912 ‘Journal 
Northants N H Soc * xvii 136 1913 

Harper, W E The Orbit of 88 d Tauri ‘ Journal Royal Astr Soc of Canada,* 
VII 242-245 1913 

Harvey, Eleanor Beatrice The Fourth Dimension ‘ Trans Rochdale Lit 
Sci Soc ’ XI* 5-17 1913 

Henshaw, R Stevenson Returns of Rainfall in Dorset in 1912 ‘ Proc Dorset 

N H A F C » XXXIV 186-199 1913 

Hepburn, P H The Hampstead Observatory and its Work ‘ South Eastern 
Natuialist for 1913,’ 1-8 1913 

Hodgkin, Dr Thomas Presidential Address The Weathei ‘ Report Royal 
Cornwall Poly Soc ’ 2 (n s ) 59-63 1914 

HopkiinSOn, John The Weather of the Year 1911 in Hertfordshire ‘ Trans Herts 
N H S F C ’ XV 33-^8 1913 

The Flowing of the Hertfordshire Bourne ‘ Trans Herts N H S F C ’ xv 

67-70 1913 

The Weathei of the Year 1912 in Hertfoidshiie * Trans Herts N H S F C ’ 

XV 137-152 1914 

Ij*nes, R T a Note on the Newcomb Operators used in the Development of 
the Perturbative Function ‘ Trans Royal Soc of S Africa,’ ni 337-339 1913 

Jack, J R The Illumination of Microscopic Objects ‘ Annals Andei soman 
Nat Soc ’ IV 34-37 1914 

JoNFS, The late Charles Meteorological Notes foi the Year 1912 ‘ Trans Ealing 

Sci Mic Soc for 1912-1913,’ xi 1913 

Kino, W F The New Reflecting Telescope for the Dominion Observatory 
‘ Journal Royal Astr Soc of Canada,’ vii 216-228 1913 

Klotz, Otto Location of Epicentres for 1912 ‘Journal Royal Astr Soc of 
Canada,’ vii 229-241 1913 

The Undagraph ‘Journal Royal Asti Soc of Canada,’ vir 414-419 

1913 

Lawson, Graham C Meteoiological Report ‘Trans N Staffs F C’ xrvii 
131—138 1913 

Meteoiological Report ‘ Trans N Staffs F C ’ XLVm 101-108 1914 

Lodge, George A (Midland Inst Eng) The Effect of Increased Atmospheric 
Pressure on the Height of the Gas cap ‘ Trans Inst Mm Eng * xlvi 311-310 

1914 

Lucas, Joseph Tidal Observations at St Leonards Pier ‘ Hastings and East 
Sussex Natuialist,’ ii 50-03 1913 

McDiarmid, F a Errois in Longitude, Latitude, and Azimuth Dcttimina 
tions — ^I ‘ Journal Royal Astr Soc of Canada,’ viii 85-97 1914 

McGrath, John F A Question of Priority in Originating a very Important Astro 
nomical Method RoDiner or Honebow ’ ‘ Journal Royal Asti Soc of Canada,’ 
\in 36-40 1914 

McLaren, Thomas The Constiuction of a Sundial ‘ Trans Peithslure Soc Nat 
Sci ’ V 133-141 1914 

Markham, C A,andR H Primavesi Meteorological Report ‘ Journal Noithants 
N H Soc’ XVII 45-48, 96-99, 132-133, 145-148 1913, 1914 

Maunder, E W\iter Early Astronomy ‘ South Eastern Naturalist foi 1913,’ 
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Meyrick, E Summary and Tables of Meteorological Observations, 1912 ‘ Report 
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Monck, H S The Great Meteor of 9th February, 1913 ‘ Journal Royal Asti 

Soc of Canada,’ vni 112-116 1914 

Morris, John (N England Inst Eng ) Notes on Gob fires and Blackdimp, Ac 
‘ Trans Inst Mm Eng ’ XLvn 195-203 1914 

Muir, Dr Thomas Note on an Overlooked Theorem regardmg the Product of 
Two Determinants of Different Oiders ‘ Trans Royal Soc of S Africa,’ in 
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w + 1 Homogeneous Integral Functions ot n Vaiiables ‘ Trans Royal Soc 
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Nelson, Edward M On a New Method of Measuring the Magnifying Power of a 
lilicroscope ‘ Journal Quekett Mic Club,’ xii 239-244 1913 

— An Improved Form of Cheshiie’a Apertometei ‘ Journal Quekett Mic Club,* 

XII 281-282 1914 

— — On the Measurement of the Initial Magnifying Powers of Objectives ‘ Journal 
Quekett Mic Club,* xii 295-300 1914 

Nelson, Robert (N Staffs Inst Eng ) Electiicity The Continuation of a Short 
Paper addressed to Colliery Manageis ‘ Tians Inst Min Eng ’ i Lvn 115*122 
1914 

Paterson, John A Simon Newcomb — His Life and Work ‘ Journal Royal 
Astr Soc of Canada,* vii 389-403 1913 

Pickering, William H A Simple Method of Determining the Time ‘ Journal 
Royal Astr Soc of Canada,* vii 273-275 1913 

Pliskett, J S The Solar Union ‘Journal Royal Asti Soc of Canada,* vii 
420-437 1913 

— A Great Reflector for Canada ‘Journal Royal Astr Soc of Canada,* vii 
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Preston, Arthur W Meteoiological Notes, 1912 ‘ Trans Norfolk and Norwich 

Nat Soc ’ IX 543-550 1913 

— Notes on the Great Norfolk Rainstorm of 25th and 26th August, 1912 ‘ Trans 
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Rambaut, a a Characteristics of the Weather at Oxford in 1913 ‘Repoit 
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— Summary of the Weather during 1913, from Observations at the Radcliffe 
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Rodger, Alex M Abstract of Meteorological Observations, Perth, 1912, and 
Remarks on the W eathei ‘ Proc Perthshire Soc Nat Sci * v ccxxvii -ccxxx 
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Rudge, W a Douglas On Vaiiations in the Magnetic Decimation at Bloem 
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— On the Daily Range of the Atmospheric Potential Gradient at Bloemfontein, 
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Rutherford, John Weather and other Notes taken at Jardington durmg 1912 
‘ Trans Dumfriesshire and Galloway N H A Soc * i (Third Senes), 211-221 
1913 

— Astronomical Notes, 1912 ‘ Trans Dumfriesshire and Galloway N H A 
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South Wales, Royal Institution of Meteorological Journal, June 1912-May 
1913 ‘ Repoit Royal Inst South Wales, 1912-1913,* 46-57 1913 

Stewart, Louis B The Form and Constitution of the Earth ‘Journal Royal 
Astr Soc of Canada,* vin 1-20 1914 

Stewart, R Meldrum The Expression of Pivot Errors by a Formula ‘ Journal 
Royal Astr Soc of Canada,* vu 283-286 1913 

— A New Form of Clock Synchronization ‘ Journal Royal Astr Soc of Canada,* 

vii 287-291 1913 

The Fundamental Pnnciple of Least Squares ‘ Journal Royal Astr Soc of 

Canada,* vii 359-362 1913 

A Theorem in Least Squares ‘ Journal Royal Astr Soc of Canada,’ vii 363- 

370 1913 

Sutcliffe, W H An Unknown Source of Light ‘ Trans Rochdale Lit Sci 
Soc * XI 23-25 1913 

Sutton, Dr J R A Note concerning the Physical Significance of the Mean Diurnal 
Curve of Temperature ‘ Trans Royal Soc of S ^rica,* in 187-194 1913 

A Note on the Earthquakes of the South African Tableland ‘ Trans Royal 

Soc of S Afnca,* m 195-197 1913 

— A Preliminary Survey of the Meteorology of Kimberley ‘ Trans Royal Soc 

of S Afnca * iii 205-229 1913 

Thornton, Prof W M (N England Inst Eng ) The Comparative Inflamma 
bility of Mixtures of Pit gas and Air, ignited by Momentaiw Electnc Arcs * Trans 

Inst Min Eng xlvi 112-124 1913 

Timms, John Presidential Address Colour Photography ‘ Report Barrow 
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WiNMiLL, T F A Method of Measuring Goaf Temperatures ‘ Trans Inst Mm 
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B\bke, F Geological Report ‘Trans N S^^affs F C’ \l\iii 98-100 1914 

BE4SLEY, Henry C The Storeton Find of 1912 ‘ Pioc Liverpool Geol Soc’ 
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Jones, T A Notes on Recent Excavations in Lime Stieet and Chuich Stieet, 
Liveipool ‘ Proc Liverpool Geol Soc ’ xi 295-298 1913 

Jukes Bbowne, A J The Making of Torbay ‘Journal Torquay Nat HM 
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W ALKER, W T The Boulder Clay of Noith Wirral ‘ Proc Liverpool Geol Soc ’ 
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N H S F C ’ XV 155-168 1914 
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‘ Hastings and East Sussex Naturalist,* n 41-46 1913 
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Bostock, E D Annual Address The Life story of a Lepidopterous Insect 
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— — Entomological Report ‘ Trans N Staffs F C * XLVin 91-94 1914 

Brady, Dr G Stewardson An Amended Description of /Sanest Patiicii 
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Yorkshiie Aiachnida in 1912-13 ‘ The Naturalist for 1914,’ 84-89 1914 
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1912-13,’ 13-20 1913 

Gladstone, Hugh S Presidential Address The History of the Dumfnesshiie 
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Glego, W E Report of the Ornithological Committee ‘ Report North London 
Nat Hist Soc 1913,* 8-10 1913 

Goddakd, Piof E J , and D E Malin Contributions to a Knowledge of South 
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Description of a New Species of Phreodnlus ‘ Trans Royal Soc of S Africa,* 
II 242-248 1913 
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Africa,’ III 249-254 1913 
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Grosvenor, T H L An Outline of the Natural History of Colley Hill ‘ Proc 
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Gurney, Robert Presidential Address The Origin and Conditions of Existence 
of the Fauna of Fiesh Water ‘ Tians Norfolk and Norwich Nat Soc ’ ix 461- 
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Hailftt, H M Entomological Notes ‘ Tians Cardiff Nat Soc * xlv lOb-100 
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Hudd, Alfred E (Editoi ) Someiset Lepidopteia Pait II — An Appendix to 
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Hull Rev J E Oribatida (Beetle Miles) of the County of Duiham, with special 
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Jackson, Dr A Randall On the British Spiders of the Genus Micioneta 
‘ Trans Nat Hist Soe of Northumberland, &c ’ iv 117-142 1914 

— and Denis A Pack Bfrespord Clubiona juvenis Simony a Spider new to 
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Jackson, J Wilfrid Holocene Mollusoa from Clapham, Yorkshire ‘ The Natur 
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Janson, Oliver E Coleoptera at Killarney ‘ lush Natuialist,’ xxiii 38-40 
1914 

Johnson, Rev W F Notes on Irish Myriapoda ‘lush Naturalist,’ 128-130 
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Some Irish Irhneumonidse and Bracoiiid-e ‘ Iiish Natuialist,’ x\ii 138-141 

1913 

Coleoptera collected by the late H L Orr ‘ Irish Natuialist,’ xxiii 14-16 
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— — Some Irish Ichneumonoidea * Irish Naturalist,’ win 64-67 1914 

A Teratological Specimen of Myrmica rubra Irish Naturalist,’ xxiii 94 
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JouRDAiN, Rev F C R TheBreedingof the Willow Tit in Staff oidshiie ‘Trans 

N Staffs F C ’ XLViii 88-90 1914 

Kino, L A L Some Leeches of the Glasgow Distiict Glasgow Naturalist, vi 
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Llc vs, W J Notes on Earwigs that breed in Britain ‘ Pioc South London 
Ent N H Soc 1912-13,’ 21-27 1913 

Magginley, P j Notes from the Skelligs ‘Irish Naturalist,’ xxii 211-214 
1913 

Main, Huoii. The Building of a Millipede’s Nest ‘ Trans Herts N H S F C ’ 
XV 121-123 1914 

Martineau, P E Introduction to the Fauna of the Midland Plateau ‘ Bn 
mingham N H Phil Soc’ Separate pamphlet Seven pages 1913 
Masefifi d, j R B Zoological Report ‘ Trans N Staffs F C ’ xlvii 62-70 
1913, XLvm 67-72 1914 

Matthews, Dr Horai io Some Experiments on Frog’s Ova and Embryos ‘ Ti ans 
Eastbourne Nat Hist Soc ’ vi 42-44 1914 

Meyrick, E Report of the Entomological Section ‘ Report Mailb Coll N H 
Soc ’ No 61, 43-63 1913 , No 62, 14-40 1914 

Ornithological List ‘ Report Mailb Coll N H Soc ’ No 61, 64-57 1913 , 

No 62, 41-44 1914 

Morley, B a Larva Plague in Deffer Wood, Yorks ‘ The Naturalist for 1914,’ 
15H53 1914 

Moriey, Claude The Fauna and Flora of Noifolk Part III — Ichneumons 
‘Tians Norfolk and Norwich Nat Soc ’ ix 658-603 1911 

Murray, James Gastrotricha ‘ Journal Quekett Mic Club, xii 211-238 1913 

Nicholson, Charles The Goldfii Eight Moth (Ptora mowe/a) in Britain ‘Essex 
Naturalist,’ xvii 87-90 1913 

Nicholson, Dr G W Coleoptera fiom Cavan and Meath ‘ Irish Natuialist,’ 
XXIII 68-72 1914 

O’Donohoe, T a The Minute Structure of Coscinodiscus astei omphalus and of 
the Two Species of Pleurosigma, P amjulatum and P balticurn ‘ Journal Quekett 
Mic Club,’ xn 155-160 1913 

Oldham, Charles Report on Land and Freshwatei Mollusca observed in Hert 
fordshire in 1911 ‘ Trans Herts N H S F C ’ xv 19 21 1913 

Report on Land and Freshwatei Mollusca observed in Heitfordslme in 1912 

‘ Trans Herts N H S F C ’ xv 173-176 1914 

The Weight liftmg Power of Wasps ‘Trans Hcits N H S F C ’ x\ 181- 
186 1914 

Paterson, Rev J M Notes on the Buying, Keeping, and Breeding of Foreign 
Birds in English Aviaries ‘ Hastings and East Sussex Natuialist,’ ii 51-55 

1913 

Paterson, John The Return of Summei Buds to the Clyde Aiea in 1913 ‘ Glas 

gow Naturalist,’ \ 81-89 1913 

Patten, Prof C J Field Notes made in July 1903 on some Buds which fiequent 
the District of Sheffield but are raie or unknown in IieUnd ‘ Proc Sheffield 
Nat Club,’ 11 24-26 1914 

Perceval, Philip D Observations on the Movements of Woodcock ‘ Irish 
Naturalist,’ xxii 208-210 1913 

Phillips, R A Helictgona lapictda in Ireland ‘ Irish Naturalist,’ xxiii 37-38 

1914 
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PiCK\BD Cambridgf, Rcv O On New and Rare Arachnids noted and obaeryed 
in 1912 ‘Proc Dorset N H A F C ’ xxxiv 107-116 1913 

Popple, Edward Hertfordshire Oniscoida ‘ Trans Herts N H S F C ’ xv 
29-32 1913 

Hertfordshire False Scorpions ‘ Trans Heits N H S F C ’ xv 124 1914 

The Crustacea of West Herts ‘Trans Herts N H S F C ’ xv 127-136 1914 

Pratt, C The Sea Mouse ‘ Trans Fastbourne Nat Hist Soc ’ vi 27-28 1914 
Proger, T W The Wild Mammals of Glamorgan ‘ Trans Cardiff Nat ^oc ’ 
XLV 69-69 1913 

— - and D R Paterson Ornithological Notes ‘ Trans Cardiff Nat Soc * 
XLV 100-104 1913 

Richardson, Nelson M Anniversary Address ‘ Proc Dorset N H A F C ’ 
XXXIV Ivi -Ixxxii 1913 

Second Supplement to the Lepidoptera of the Isle of Purbeck Compiled from 

the Notes of Eustace R Bankes, M A , F E S ‘ Proc Dorset N H A F 0 * 
XXXIV 46-80 1913 

Robertson, John The Iimicolai of the Clyde Aiea ‘Annals Andei soman Nat 
Soc ’ IV 42-54 1914 

Robson, Thomas Observations of the Mammalia of the Derwent Valley ‘ Tians 
Vale of Derwent Nat Field Club,’ i 88-90 1913 

Some Notes on the Ornithology of the Derwent Valley Iians Vale of Der 

went Nat Field Club,’ i 91-93 1913 

Roebuck, W Denison Pupa secale in Cumberland ‘ The Naturalist for 1913,’ 
362-363 1913 

Ross, Alexander Birds of Islay ‘ Glasgow Naturalist,’ v 7-32 1913 

Rothschild, Hon L Walter Residential Address Bird Life on Oceanic 
Islands, and InsuUi Variation ‘ Trans Herts N H S F C ’ xv 1-14 1913 

Presidential Address Mimicry and Protective Resemblance ‘ Trans Herts 

N H S F C ’ XV 105-120 1914 

Sch^rfp, Dr R F On the supposed Occurrence of the Wild Cat in Ireland ‘lush 
Naturalist,’ xxii 127-128 1913 

The Whale Fishery m Ireland ‘ Irish Naturalist,’ xxn 145-147 1913 

Schlesch, Hans T and and Freshwater Mollusca in North West Iceland The 
Naturalist for 1913,’ 419-420 1913 

Selbie, C M New Recoids of Irish Myriapods ‘ lush Naturalist,’ xxii 131- 
135 1913 

Sh\rp, W E The Coleoptera of Bishopsdale, Yoiks ‘The Naturalist foi 1913,* 
415-418 1913 

Smith, Sydney H Bud Notes from the York District ‘ The Naturalist for 1913,* 
268-259 1913 

Soar, C D Desciiption of Arfhenurus Scour fiddi and Acercus longttarsus. Two 
New Species of Watei mites ‘ Journal Quekett Mic Soc ’ xii 13^142 1913 

Speedy, Tom Notes on the Solan Goose and on the Stockdove ‘ Trans Edin 
burgh F N Mic Soc ’ vii 33-38 1913 

Stelfox, a W John Templeton’s Notes on Irish Land and Freshwater Mollusca 
‘ Irish Naturalist,’ xxiii 29-35 1914 

on References by W E Leach to Irish Land and Freshwater Shells ‘ Irish 

Naturalist,’ xxiii 35-36 1914 

Stenton, R Land Wasps ‘ Journal Torquay Nat Hist Soc * i 220-225 1913 

The Protective instmets of some Mammals and Birds ‘ Journal Torquay N 

H Soc * I 253-259 1914 

Stephenson, Thomas The Little Bunting at Whitby an Addition to the Avi 
fauna of Yorkshire ‘ The Naturalist for 1913,* 421 1913 

Taylor, E Wilfred The Habits of the Merhn ‘ The Naturalist for 1914,’ 115 
120 1914 

Thornlby, Rev A , and W Wallace Lmcolnshire Coleoptera Part VII ‘ Trans 
Lmcolnshire Nat Union, 1913,* 115-139 1914 

Ticbhubst, Claud B Migration and other Ornithological Notes from Lowestoft 
Distnct, June 30, 1911, to June 30, 1912 ‘ Trans Norfolk and Norwich Nat 

Soc * IX 607-622 1913 

Ticehurst, N F Some further Notes on Grey Waetails ^Hastmgs and East 
Sussex Naturahst,* n 47-48 1913 

— The Commg of the Little Owl ‘ Hastings and East Sussex Naturalist,* n 41^- 
52 1913 
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Tomlin, J R lb B The Coleoptera of Glamorgan ‘ Trans CardifE Nat Soc ’ 
XLV 41-58 1913 

Tongb, a E Annual Address An Outline of the Generic Types of British Lepi- 
dopterous Ova, with some exceptions ‘ Proc South London Ent N H Soc 
1912-13/ 39-59 1913 

Verhosfp, Dr K W On the Occurrence of Brachychaetuma, Titanoaomat and 
Polymicrodon m England ‘ Tians Nat Hist Soc of Northumberland, &c ’ iv 
143-167 1914 

Waddington, G The Fishes of the Lower Wharfe Basin ‘The Naturalist for 
1913 ’ 219—228 1913 

Wade, E W Nesting Habits of the Stone Curlew ‘ The Naturalist for 1914,* 
123-124 1914 

Walker, J J Interim Report on Coleopteia ‘ Report Ashmolean Nat Hist 
Soc 1913,’ 43 1914 

Walker, James A Short Note on the Occurrence of Aspergillosis in the Ostrich 
in South Africa * Trans Royal Soc of S Africa,’ m 199-204 1913 

Warren, Robert Some Notes on the Migration of Richardson’s and Pomatorhine 
Skuas ‘ Irish Naturalist,’ xxii 152-155 1913 

Some Notes on the Migration of the White Wagtail on the Island of Bartragh, 

Killala Bay ‘ Irish Naturalist,’ xxn 174-177 1913 

Welch, R J Palvdestrina Jenkinsi in Fresh Water ‘ The Naturalist for 1913,’ 
288 1913 

Westell, W Percival Autumn Notes on the Birds of the Gareloch * Glasgow 
Naturakst,’ v 1-7 1913 

Whitehead, Henry Some Notes on the Natural Histoiy of British Freshwater 
Leeches with Records of then Occurrence in Essex ‘ Essex Naturalist,’ xvn 
61-85 1913 

Whitehouse, R H The Natural History of Planarians ‘Irish Naturalist,* 
XXIII 41-47 1914 

WiLLES W A The Scales of Fish ‘ Proc Bournemouth Nat Sci Soc ’ v 85- 
91 1914 

^^ILLIAMSON, F, and W Lord List of Buds of the Rochdale District ‘Trans 
Rochdale Lit Sci Soc ’ xi 26-41 1913 

Winter, W P Arachmda at Kirkby Stephen ‘ The Naturalist for 1913,’ 253- 
254 1913 

WooDD, Miss E G Edible Snails (Udix pomatta) ‘ Trans Eastbourne Nat Hist 
Soc ’ VI 39-41 1914 

Woods, Rev F H Marine Biology at Filey ‘ The Naturalist for 1913,’ 364- 
367 1913 


Section E — ^Geography 

Ainsworth, John British East Africa Protectorate ‘ Jouinal Manchester Geog 
Soc ’ XXIX 10-22 1914 

Amundsen, Capt Roald The Norwegian South Polar Expedition ‘Journal 
Manchester Geog Soc ’ xxvm 83-98 1913 

Ascoli, W S Guatemala — ^Travels and Experiences ‘ Trans Manchester Stat 
Soc 1912-1913,’ 213-240 1913 

Beliimi, C H The Balkans and Turkey ‘Journal Manchester Geog Soc* 
XXIX 23-34 1914 

Falconer, Dr J D The Future of the Coloured Races in our African Colonies 
‘ Proc Glasgow Royal Phil Soc ’ xliv 64-82 1913 

Flinn, W Leonard Persia ‘ Journal Manchester Geog Soc ’ xxvm 109-121 

1913 

Fordham, Sir H G Hertfordshire Maps a Descriptive Catalogue of the Maps 
of the County, 1579 to 1900 Supplement ‘ Trans Heits N H 8 F C ’ xv 
73-104 1914 

Eraser, J Scott Tangier revisited ‘ Trans Liverpool Geog Soc 1913,’ 34-35 

1914 

Mellor, E W The White Nile, from Uganda to Khartoum ‘Journal Man* 
Chester Geog Soc ’ xxvm 61-82 1913 

Simon, Mrs Salis Farthest West ‘Journal Manchester Geog Soc’ xxvm 99- 
108 1913 
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Stiga^d, a G Notes on N’gamiland ‘ Tians Royal Soc of S Africa,* m 379- 
391 1913 

Watbbhotjse, Gilbert Highways and Byways in the Balkans ‘Journal Alan 
Chester Geog Soc ’ xxix 35-56 1914 

Section F — ^Economic Science and SrATisrics 

Anderson, R ^ The lush Meat Industry ‘Journal Stat Soc Ireland,’ \in 
38-46 1913 

Barnes, G N Co opeiation in relation to the Industrial System ‘ Proc Glasgow 
Royal Phil Soc * xuv 52-63 1913 

Dawson, Chari es The Dublin Housmg Question — Sanitary and Insanitaiv 
‘Journal Stat Soc Ireland,’ xiii 91-95 1913 

Donahue, T A (S Staffs and Warw Inst Eng ) New Interest tables foi tlie 
Valuation of Mineral Properties ‘ Trans Inst Mm Eng ’ XLvn 100-104 1914 

Finlay, Rev T A The Significance of some Recent lush Statistics ‘Journal 
Stat Soc Ireland,* xiii 17-25 1913 

Hargreaves, Walter (Midland Inst Eng ) Presidential Address The Coal 
Industry ‘ Trans Inst Min Eng * xlvi 272-283 1914 

Lynch, Commissioner Land Purchase m Ireland A Retiospect and a Forecast 
‘ Journal Stat Soc Ireland,* xm 1-16 1913 

McConechy, Tas S The Economic Value of the Ship Canal to Manchester and 
District ‘ Trans Manchester Stat Soc 1912-1913,’ 1-126 1913 

Mbllor, Harold The Question of Cash Reserves in the Enghsh Banks ‘ Trans 
Manchester Stat Soc 191^1913,* 169-188 1913 

O’Connell, Di John Robert Some Considerations in reference to the Establish 
ment of the Office of a Public Trustee in Ireland ‘ Journal Stat Soc Ireland,* 
xm 60-90 1913 

Raeburn, William H Labour Unrest m the Shippmg Industry ‘ Proc Glasgow 
Royal Phil Soc * xliv 227-246 1913 

Rimmer, E J The Legal Effect of an Engineei’s Negligence or Mistake m directing 
the CJonstruction of Works ‘ Trans Liveipool Eng Soc * xxxiv 44-64 1913 

Smart, Prof William Second Thoughts of an Economist ‘ Proc Glasgow 
Royal Phil Soc ’ xLiv 16-40 1913 

Stewart, C J The Work of the Public Trustee ‘ Trans Manchester Stat Soc 
1912-1913,’ 189-211 1913 

Thompson, Sir William J The Census of Ireland, 1911 ‘ Journal Stat Soc 

Ireland,’ xm 46-59 1913 

WiGG, T J Notes on the Yarmouth Herrmg Fishery of 1912 ‘Trans Noifolk 
and Norwich Nat Soc ’ ix 632-635 1913 


Section G — ^Engineering 

Allott, j R L The Reopenmg of Norton Colliery with Self contamed Breathing 
Apparatus aftei an Explosion ‘ Trans Inst Mm Eng * xlv 595-617 1913 

Anderson, J Wemyss Refrigeration and the Transport of Perishable Produce 
‘ Trans Liverpool Eng Soc ’ xxxiv 189-197 1913 

Aust, j F (N Staffs Inst Eng ) Visible and Audible Signals to Wmdmg Engme 
men ‘ Trans Inst Mm Fng * XLvn 131-133 1914 

Beabe, Prof T Hudson Austrahan Railways and Future Developments ‘ Trans 
Liverpool Eng Soc * xxxiv 402-428 1913 

Burns, Prof Daniel (Mm Inst Scotland) Apparatus for the Determination of 
Carbon Dioxide and Oxygen in Mine Air ‘ Trans Inst Mm Eng ’ xlvi 478- 
483 1914 

Chapman, Samuel C Animal Organisms m Water Pipes ‘ Journal Torquay N 
H Soc ’ I 274-286 1914 

Chase, L H A Proposed Bridge across the Mersey ‘ Trans Liverpool Eng Soc * 
xxxiv 78-94 1913 

Chorlton, Alan E L The Apphcation of the Gas Engme to Ship Propulsion 
‘ Trans Liverpool Eng Soc ’ xxxiv 108-138 1913 

Cl\bk, F Bernard (S Staffs and Warw Inst Eng ) Description of the Headings 
driven from the Aldridge Collieries to prove the Mmes over the Mam Eastern 
Boundary Fault * Trans Inst Mm Eng ’ xlvii 92-94 1914 
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Clive, Robert (Midland Inst Eng ) Stone dusting at Bentley Colliery Report 
to the Doncaster Coal owners’ (Gob fires) Committee ‘ Trans Inst Mm Eng * 
XLVii 53-72 1914 

Cocking, A T (Midland Inst Eng ) Fuel Economy at Collieries by means of 
Gas Power ‘ Trans Inst Mm Eng ’ xlvii 2-17 1914 

Dean, Samuel (N England Inst Eng ) Notes on Coal mining m the United States 
of America, with special reference to the Treatment of Coal dust, and Haulage 
by Electric Locomotives ‘ Trans Inst Mm Eng ’ \lvi 98-111 • 1913 
Dixon, Prof S M (S Staffs Warw Inst Eng ) Reinforced Conciete in Mines 
‘ Trans Inst Mm Eng * xlv 528-541 1913 

Dunn, Willoughby M (Mm Inst Scotland) Electric Winding Plant at South 
Kenmuir Colliery ‘ Trans Inst Mm Eng ’ xlvi 207-216 1913 

Fielden, F Modem Developments of the Gas Producer ‘ Tians Liveipool Eng 
Soc ’ xxxiv 139-159 1913 

Ford, Leo Dorey (N England Inst Eng ) Notes on a New Piocess for the Wash 
mg of Coal at the St Nicholas Pit of the Soci6te des Chaibonnages de I’Esp^iance 
ct Bonne Fortune, near Liege, Belgium ‘ Trans Inst Mm Eng ’ xlvi 423- 
438 1914 

— > — Notes on the Working of the St Nicholas Pit of the Societe des Charbonnages 
de I’Esp^rance et Bonne Fortune, near Li^ge, Belgium, with special reference to 
the Hydraulic Packing of the Goaf ‘ Trans Inst Mm Eng * xlvi 439-454 
1914 

A Westphalian Bye product Coking plant which also supplies Town Gas 

‘ Trans Inst Mm Eng ’ xlvii 207-223 1914 

Garforth, Dr W E A Record of the Origin of the Principle of Stone dusting 
for the Prevention of Colliery Explosions ‘ Trans Inst Mm Eng ’ xlv 562- 
575 1913 

Gibbs, G J Some Applications of Compressed Air and its Measurement * Trans 
Liverpool Eng Soc ’ xxxiv 240-248 1913 

Gibson, J Hamilton Vagaries of Engineering Practice ‘Trans Liveipool 
Eng Soc ’ XXXIV 24-32 1913 

Gregory, John (N Staffs Inst Eng ) Examples of the Use of Concrete at Collieiies 
‘ Trans Inst Mm Eng ’ xlvi 65-76 1913 

Halbaum, H W G (N Eng Inst Eng ) The Automatic Distribution of Stone 
dust by the Air current ‘ Trans Inst Mm Eng * xlvii 147-157 1914 

Haroer, Dr John (Manchester Geol Mm Soc ) Firedamp in Coal mines and 
the Prevention of Explosions ‘ Trans Inst Mm Eng ’ xlvi 358-369 1914 

The Detection of Gob fires ‘ Trans Inst Mm Eng ’ xlvi 370-378 1914 

Hogg, James (Mm Inst Scotland) Magnesite Deposits m Euboea, Greece ‘Trans 
Inst Mm Eng ’ xlvi 128 

Holland, Prof Sir Thomas H (Manchester Geol Mm Soc) Presidential Addicss 
‘ Trans Inst Mm Eng ’ xlvi 339-J54 1914 

Home Morton, Andrew The Lay out, Design, and Equipment of Indiistiial 
Works ‘ Trans Liverpool Eng Soc ’ xxxiv 367-394 1913 

Husband, Joseph (Midland Inst Eng) The Zeiss Level ‘Tians Inst Mm 
Eng ’ XLVI 285-302 1914 

Jeffery, J L (S Staffs Waiw Inst Eng ) Concrete Reseivoiis foi Watci and 
Petroleum ‘ Trans Inst Mm Eng ’ xlvi 223-228 1913 

Mason, W The Phenomenon of Yield Point m Metals under Stress ‘ TianS 
Liverpool Eng Soc ’ xxxiv 211-224 1913 

Paton, j Drummond (Manchester Geol Mm Soc ) Small Coal and Dust its 
Production, Prevention, Treatment and Utihsation, with special reference to 
Diy Mines ‘ Trans Inst Mm Eng * xlv 421-446 1913 

Ramsbotham, Joshua Fielden The History of Woik done on the Site of the 
Fiemantle Graving Dock ‘ Trans Liverpool Eng Soc ’ xxxiv 319-357 1913 

Simper, W A The Blackstone Crude Oil Engine ‘ Trans Liverpool Eng Soc * 
xxxrv 282-307 1913 

Snow, Charles (Midland Inst Eng ) Removal of a Shaft pillar at South Kirkby 
Colliery ‘ Trans Inst Mm Eng ’ xlvi 8-12 1913 

Tobin, T C The Weight Factor in Merchant Ship Design ‘Trans Liverpool 
Eng Soc ’ XXXIV 255-273 1913 

Wallis, T M Winstanley Remeke Wireless Telephone for Mines ‘Trans 
Inst Mm Eng * xlvi 636-641 1914 
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Watkinson, Pi of W H Inaugural Addiess ‘ Trans Liverpool Eng Soc ’ 
XXXIV 2-21 1913 

Welboubn, Bijbkewood Insulated and Rare Copper and Aluminium Cables for 
the Transmission of Electrical Energy, with special reference to Mining Woik 
‘ Trans Inst Min Eng ’ xlv 658-694 1913 

Wild, T C (Midland Inst Eng ) The Development of the Gas engine in England, 
and its Adaptation to the Generation of Powei at Collieries and Ironworks ‘ Trans 

Inst Mm Eng ’ xlvii 18-43 1914 


Section H — ^Anthropology 

Arnold, Edwin L Pygmy Implements fiom Ooinwall ‘ Pioc Piehistouc Soc 
of East Anglia,’ i 334-336 1913 

Aijden, Di H a Anthropology at the Biitish Association [Biimingham, 1913] 

‘ The Naturalist for 1913,’ 392-399 1913 

Clarke, W G Norfolk Implements of Palxolithic ‘ Cave ’ Types ‘ Pioc Pic 
historic Soc of East Anglia,’ i 338-345 1913 

Cook, W H A Biief Siimmaiv of oui Knowleflge m legiid to the Higher \ntiquity 
of Prehistoric Man (with Notes by A Spencer Edwards) ‘ Rochester Natiiraliht,’ 
IV 338-346 1913 

Dale, W Hampshire Flints ‘Pioc Hants Field Club,’ vii 20-24 1914 

Dawson, Charles The Piltdown Skull (Eoanthropus dawsoni) ‘ Hastings and 
East Sussex Natuialist ’ ii 73-82 1913 

Dickie, William Craigdaiioch (Sanquhar) Tumuli and others ‘ Tians Dumfiies 

shire and Galloway N H A Soc ’ i (Third Series), 354-359 1913 

Duckworth, Dr W L H Notes on some Points connected with the Excavation 
of Kent s Cavern, Torquay , with a Report on the Fragmentaiy Human Upper 
Taw from the Gianulai Stalagmite Touinal Toiquay Nat Hist Soc ’ i 211- 
220 1913 

Ditt, W a Roman Intel ments at Scole ‘Pioc Piehistoiic Soc of East Anglia,* 
I 321-323 1913 

H AWARD, F N The Problem of the Eoliths ‘Pioc Prehistoric Soc of East 
Angha,’ i 347-359 1913 

Hewitt, H Dixon Prchistoiic Human Remains at Little Cornard, Suffolk 
‘ Pioc Piehistoric Soc of East Anglia,’ i 297 1913 

Leach, Geo B Pulustoiic Relics from the Hills lying due East of Burnley ‘Tians 

Rochdale Lit Sci Soc ’ xi 18-22 1913 

Marr, Dr J E a Late Palaeolithic Site on Wretham Heath, neai Thetfoid ‘ Proc 
Piehistoric Soc of East Anglia,’ i 374-377 1913 

Maxim, James L Querns and other Com grinding Stones in Rochdale and District 
‘ Trans Rochdale Lit Sci Soc ’ xi 72-83 1913 

Meyrick, E Anthropometrical Repoit ‘ Report Marlb Coll N H Soc’ No bl, 
97-123 1913 , No 62, 51-76 1914 

Moir, J Reid A Defence of the ‘Humanity’ of the Pie River Valley Imple 
ments of the Ipswich District ‘ Proc Prehistoric Soc of East Anglia ’ i 368- 
374 1913 

Mumford, Dr a a The Physique of the Modern Boy ‘ Tians Manchestei 
Stat Soc 191^1913,’ 127-168 1913 

Parker, William A The Piltdown (Sussex) Skull ‘Tians Rochdale Lit Sei 
Soc ’ XI 113-120 1913 

Pi-RiNGUEY Dr L President’s Address The Antiquity of Man ‘Tians Royal 
Soc of South Africa,’ m i xiii 1913 

Robarts, N F An Ac hill Island Tumulus ‘Proc Prehistoric Soc of East Anglia,’ 
I 332-334 1913 

Trechmann, C T Notes on Neolithic Chipiimg Sites in Northumberland and 
Durham ‘ Trans Nat Hist Soc of Northumberland, &c ’ iv 67-85 1914 

Underwood, Lieut Col W A Discoveiy of Pleistocene Bones and Flint Imple 
ments in a Gravel Pit at Doveicourt, Essex ‘ Proc Prehistoric Soc of East 
Angha,’ i 360-368 1913 

Warburton, j S Some Saxon Remains found near Stoke Ferry * Proc Pre 
historic Soc of East Anglia,’ i 336-337 1913 
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Section I — ^Physiology 

Carpenter, G H D Sleeping Sickness ‘ Report Ashmolean Nat Hist Soc 
1913,’ 30-34 1914 

Chalmers, Dr A K The House as a Contributory Factor to the Death Rate 
‘ Proc Glasgow Royal Phil Soc * xuv 109-138 1913 

Court, Dr J (Midland Inst Eng ) Miners’ Nystagmus and its Effect on Vision 
‘ Trans Inst Mm Eng * xlvi 169-174 1913 

Hepworth, J Parallel Evolution of Mind and Body ‘Rochestei Naturalist,’ 
IV 333-338 1913 

Jolly, W A On the Electrical Changes in the Heart ‘ Trans Royal Soc of 
S Africa,’ iv 73-74 1914 

Lloyd, W D (Midland Inst Eng ) An Account of tlie Use of Rescue apparatus 
at Lodge Mill Colliery, Huddersfield , with Note by Dr J S Haldane ‘ Tians 
Inst Mm Eng ’ xlvi 250-266 1914 

Thomson, R B Note on the Vertebral Column of the Bushman Race of South 
Africa" ‘ Tians Royal Soc of S Africa,’ iii 365-378 1913 


Section K — Botany 

Anderson, Thomas Note on the Occuirence of Phyllobius macultcorms, (ieim , 
on Raspberry in Perthshire, May 1912 ‘ Tians Perthshiic Soc Nat Sci ’ v 

162-163 1914 

Barclay, W Annual Address The Wild Flowers of Spring ‘ Proc Peithshire 
Soc Nat Sci ’ V cciii -ccxii 1914 

Bartlett, A W The New Field Botany m the Sheffield Distiict ‘ Proc Sheffield 
Nat Club,’ II 59-66 1914 

Bbnnftt, Arthur Maianthemum bifohum Schmidt ‘Tlie Naturalist for 1913,* 
289-290 1913 

Bird, Rev M C H Attempted Acclimatisation of Wild Kicc {Zizania aquatica) 
m East Norfolk ‘ Trans Norfolk and Norwich Nat Soc ’ ix 603-606 1913 

Boyd, D A Notes on Microfungi from the Forth Area ‘ Trans Edinburgh F N 
Mic Soc ’ vn 25-27 1913 

Notes on Parasitic Ascomycetcs Part III ‘ Trans Edmbuigh F N Mic 

Soc ’\ II 27-32 1913 

Some Additional Records of Microfungi for the Clyde Aiea ‘ Glasgow 

Naturalist,’ v 93-95 1913 

Some Recent Additions to the Bi itish Fungus Flora ‘ Glasgow Naturalist,’ 

v 120-123 1913 

Boid, William B Localities of Less Common Plants ‘ Historv Berwickshire 
Nat Club,’ XXII 132-133 1914 

Brooks, F T Observations on Pure Cultures of some Ascomycetcs and Basidio 
mycetes * Trans Biitish Mycological Soc * iv 239-248 1914 

Brown, N E Some Notes on the Structure of Diatoms ‘ Journal Quekett Mic 
Soc ’ XII 317-338 1914 

Burkill, Harold J Abnoimality in Foxglove ‘ The Naturalist for 1913,’ 353- 
354 1913 

Burrell, W H , and W G Clarke Topographical Notes on some Rarer Norfolk 
Plants ‘ Trans Norfolk and Norwich Nat Soc ’ ix 622-632 1913 

Campbell, D Notes on Plants ‘ Pioc Perthshire Soc Nat Sci’v cc-ccii 1914 
Chapman, Mungo Heather, Native and Exotic, and other Allied Plants ‘ Trans 
Edinburgh F N Mic Soc ’ vn 16-24 1913 

Child, Miss A Fungi ‘ Repoit Barrow Nat F C ’ xx 65-66 1914 

Copland, L A Fortnight m Jura ‘Selborne Magazine,’ xxiv 206-209 1913 

Corbett, H H Ecological Notes on Two South Yorkshire Marshes ‘ The Natu 
rahst for 1913,’ 412-414 1913 

Cotton, A D Notes on the Flora of the Saltees III Marine Algso ‘Irish 
Naturalist,’ xxn 195-198 1913 

Presidential Address Some Suggestions as to the Study and Critical Revision 

of certain Genera of the Agaricacese ‘ Trans British Mycological Soc ’ iv 224- 
238 1914 

•— On the Production of Imperfectly Developed Spores in the Agaricacese ‘ Trans 
British Mycological Soc ’ iv 298-300 1914» 
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Crossland, 0 Phasangdla empetn (Phillips) Boud (= PhasangeUa Smtthtana 
Boud ) ‘ The Naturalist for 1913,’ 251-252 1913 

Mycologists at Land’s End ‘ The Naturalist for 1914,’ 12-16 1914 

The Fungus Flora of the Mulgrave District ‘ The Naturalist for 1914,* 60-66 

1914 

Recently discovered Fungi in Yorkshire — ^VII ‘ The Naturalist for 1914,’ 

145-150 1914 

Dixon, H N Pwdr Ser — ^The Rot of the Stars ‘Journal Northants N H 
Soc ’ xvn 88-91 1913 

Douglas, Wm C Some Aspects of Plant Life ‘Trans Edinburgh F N Mic 
Soc ’ vn 8-15 1913 

Druce, G Clabidoe Botanical Notes ‘Report Ashmolean Nat Hist Soc 
1913,’ 35-36 1914 

Poa %mgata Lindman in Britain ‘ The Naturalist for 1914,’ 125-126 1914 

Taraxacum balticum DahUt in Britain ‘ The Naturalist for 1914,* 126 1914 

Aptum Mooret (Druce) in Northants ‘ Journal Northants N H Soc ’ xvii 

129 1913 

Dummeb, R a a Synopsis of the Species of Lotononta, Eckl and Zeyh , and 
Pletospora, Harv ‘ Trans Royal Soc of South Africa,’ m 21o-335 1913 

Eiliott, Dr Jessie S Bayliss A New Variety of Sepedontum mucorinum Havz, 
var Botryoidea ‘ Trans British Mycological Soc ’ iv 296-297 1914 

Ellis, John W New British Fungi ‘ Trans British Mycological Soc * iv 292-295 
1914 

Gibbs, T Notes on Fungus Habitats ‘ The Naturalist for 1914,’ 5-6 1914 

Goode, J H Notes on Algae ‘ Journal Northants N H Soc * xvn 25-29 1913 

Hopkinson, John Report on the Phenological Observations in Hertfordshire 
for the year 1911 ‘ Trans Herts N H S F C ’ xv 23-28 1913 

Report on the Phenological Observations m Hertfordshire for the year 1912 

‘Trans Herts N H S F 0 ’ xv 187-192 1914 

Knowles, M 0 Notes on the Flora of the Saltces IV Lichens ‘ Irish Naturalist,’ 
xxn 199-202 1913 

Lues, F Abnold A New British and Yorkshire St John’s Wort * The Naturalist 
for 1914,’ 10 1914 

Lett Rev Canon H W Presidential Address Botanists of the North of Ireland 
‘ Report Belfast Nat F G ’ vi 615-628 1913 
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1890 JAdbnby, W E , D So , F C S Burnham, Monkstown, Co Dublin 
1913 §Adeney, Rev Professor W F , M A , D D Lancashire College, 

Whalley Range, Manchester 

1913 §Adeney, Mrs Lancashire College, Whalley Range, Manchester 

1899 ♦A^e, R H , M A , B So 136 Huntingdon road, Cambndge 
1908 §Adkm, Robert 4 Lin^d’s road, Lewisham, S E 

1912 f Afanassieff, Apollo Physical Institute, Imperial University, 

Petrograd 

1908 ♦Agar, W E , M A Natural History Department, The University, 

Glasgow 

1902 tAgnew, Samuel, M D Bengal place, Lurgan 

1906 §Aikman, J A 6 Glencaim crescent, Edinburgh 

1871 ♦Ainsworth, John Stirling Harecroft, Gosforth, Cumberland 

1909 ♦Aibd, John Canadian Bank of Commerce, Toronto, Canada 
1911 §Airey, John R , M A , B Sc 73 Claremont road. Forest Gate, E 

1895 ♦Airv, Hubert, M D Stoke House, Woodbndge, Suffolk 

1891 ♦Aisbitt, M W Mountstuart square, Cardiff 

1871 §Aitkbn, John, LL D,FRS,FRSE Ardenlea, Falkirk, N B 
1901 f Aitken, Thomas, M Inst C E County Buildings, Cupar Fife 
1884 ♦Alabaster, H Milton, Grange road, Sutton, Surrey 
1886 ♦Albnght, G S Broomsberrow Place, Ledbury 

1905 t Albnght, Miss Finstal Farm, Finstal, Bromsgrove, Worcestershire 

1913 J Albright, W A 29 Frederick road, Edgbaston, Birmingham 

1900 ♦Aldren, Francis J , M A The Lizans, Malvern lank 

1896 §Aldndge, J G W , Assoc M Inst C E 39 Victona street. West 

nunster, S W 

1905 ♦Alexander, J Abercromby 24 Lawn crescent, Kew 

1888 ♦Alexander, Patnck Y 3 Whitehall court, S W 

1910 ♦Alexander, W B , BA Western Australian Museum, Perth, 

W^est u^ustralia 

1891 ♦Alford, Charles J , F G S Hotel Victona, Rome 

1883 t Alger, W H The Manor House, Stoke Damerel, South Devon 

1883 JAlger, Mrs W H The Manor House, Stoke Damerel, South Devon 

1914 §Allan, Edward F , B A 37 Wattletree Road, Malvern, Victoria 

1901 ♦Allan, James A 21 Both well street, Glasgow 

1904 ♦Allcock, Wilham Burt Emmanuel College, Cambndge 

1879 ♦Allen, Rev A J C 34 Lensffeld road, Cambndge 

1898 § Allen, Dr E J , F R S The Laboratory, Citadm Hbll, Plymouth 

1891 t Allen, H A , F G S 28 Jermyn street, S W 

1907 ♦Allorge, M M , L. cb So , FGS Villa St Germain, Louvieis, 

France 
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1912 ♦Allworthy, S W , M A , M D The Manor House, Antrim road, 
Belfast 

1882 ♦Alverstone, The Right Hon Lord, GCMG, LLD, FRS 

Winterfold, Cranleigh, Surrey 

1887 JAlward, G L Enfield Villa, Waltham, Grimsby, Yorkshire 

1883 §Amery, John Sparke Druid, Ashburton, Devon 

1909 JAmi, H M , M D Ottawa, Canada 

1884 JAmi, Henry, MA, D So , FGS Geological Survey, Ottawa, 

Canada 

1914 §Anderson, Mi'^s Adelaide M Home Office, S W 

1910 J Anderson, Alexander Tower House, Dore, near Sheffield 

1906 ♦Anderson, CL P O Box 2162, Johannesburg 

1912 J Anderson, EM 43 Ladysmith road, Edinbuigh 
1908 ^Anderson, Edgar Glenavon, Memon road, Dublin 

1886 ♦Anderson, Hugh Kerr, M A , M D , FRS Cams College, 
Cambndge 

1914 §Anderson, J R V School of Minc^, Bendigo, Victoiii 
1901 * Anderson, James Ibb Buchanan street, Cdasgow 
1892 {Anderson, Joseph, LL D 8 Great King street, Edinburgh 

1899 ♦Anderson, Miss Mary Kerr 13 Napier road, Edinburgh 

1888 ♦Anderson, R Bruce 6 Westminster chambers, S W 

1901 ♦Anderson, Dr W Camck 7 Scott street, Garnethill, Glasgow 

1908 {Anderson, William Glenavon, Memon road, Dublin 

1911 {Andrade, E N da C University College, GoA\er street, W C 

1907 {Andrews, A W Adela avenue. West Barnes lane. New Malden, 

Surrey 

1909 {Andrews, Alfred J Care of Messrs Andrews, Andrews, & Co , 

Winmpeg, Canada 

1895 {Andrews, Charles W, BA, DSc, FRS British Museum 
(Natural History), S W 

1914 §Andrews, E C Geological Bianch, Depaitnicnt of Mines, 
Sydney, NSW 

1909 {Andrews, G W 433 Mam street, Wmnipeg, Canada 
1880 ♦Andrews, Thornton, M Inst C E Cefn Eithen, Swansea 
1877 §ANGBLr, John, FCS, FIC 6 Beacons field, Derby road, 
Withmgton, Manchester 

1912 § Angus, Miss Mary 354 Blackness road, Dundee 
1886 {Ansell, Joseph 27 Bennett’s hill, Biimmgham 

1901 {Arakawa, Minozi Japanese Consulate, 84 Bishopsgate street 
Within, E C 

1900 ♦Arbeb, E a Newell, M A , F L S 52 Huntmgdon road, 

Cambridge 

1904 *Arber, Mrs E A Newell, D Sc , F L S 52 Huntingdon 
road, Cambridge 

1913 {Archer, J Hillside, Crowcombe, West Someiset 

1913 ♦Archer, R L , M A , Professor of Education m University College, 

Bangor Plas Menai, Bangor 

1894 {Archibald, A Holmer, Court road, Tunbridge Wells 
1909 § Archibald, Professor E H Bowne Hall of Chemistry, Syracuse 
University, Syracuse, New York, USA 
1909 {Archibald, H Care of Messrs Machray, Sharpe, & Dennistoun, 
Bank of Ottawa Chambers, Winnipeg, Canada 
1883 ♦Armistead, Wilham Hillcrest, Oaken, Wolverhampton 

1908 {Armstrong, E C R,MRIA,FRGS Cyprus, EgUnton road, 

Dublm 

1903 ♦Armstrong, E Frankland, D So , Ph D Greenbank Gieen- 
bank road, Latchford, Wairmgton 
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1873 ♦Abmstrono, Hbnby E , Ph D , LL D , P R S (Pres B, 1886, 
1909 , Pres L, 1902 , Council, 1899-1905, 1909- ) 65 

Granville park, Lewisham, S E 

1909, :|:Armstrong, Hon Hugh Parliament Buildmgs, Kennedy street, 
Winmpeg, Canada 

1905 ^Armstrong, John Kamfersdam Mine, near Kimberley, Cape 
Colony 

1905, JAbnold* J O , F R S , Professor of Metallurgy m the University 
of Sheffield 

1893 ♦Abnold Bbmrosb, H H , Sc D , F G S Ash Tree House, 

Osmaston road, Derby 

1915 § Arnold Bernard, Pierie 662 West End avenue, New Yoik 
Cit3% USA 

1904 :pArunachalam, P Ceylon Civil Service, Colombo, Ceylon 
1870 ♦Ash, Dr T Linmngton Penroses, Holsworthy, North Devon 
1903 *Ashby, Thomas, M A , D Litt The British School, Rome 
1909 JAshdown, J H 337 Broadway, Winnipeg, Canada 

1907 f Ashley, W J , M A (Pres F, 1907), Professor of Commerce in the 

University of Birmmgham 3 Yateley road, Edgbaston, Bir 
mingham 

Ashworth, Henry Turton, near Bolton 
1903 ♦Ashworth, J H , D Sc 4 Cluny terrace, Edinburgh 
1914 *Ashwoith, Mis J H 4 Cluny ten ace, Edinburgh 
1890 J Ashworth, J Reginald, D Sc 65 King street South Rochdale 
1876 *Aspland, W Gaskell Care of Messrs Bou^^texd & Clarke, Mom 
basa. East Afiica 

1896 ♦Assheton, Richard, M A , P R S , F L S Grantcnester, Cambndge 

1905 t Assheton, Mrs Grantchester, Cambridge 

1908 §Astlby, Rev H J Dukinfield, M A , Litt D East Rudham 

Vicarage, Bong’s Lynn 

1898 ♦Atkinson, E Cuthbert 5 Pembroke vale, Clifton, Bnstol 

1894 ♦Atkinson, Harold W , M A West View, Eastbury avenue. North 

wood, Middlesex 

1906 Atkinson, J J Cosgrove Priory, Stony Stratford 
1881 {Atkinson, J T The Quay, Selby, Yorkshire 

1907 {Atkinson, Robert E Morland avenue, Knighton, Leicester 

1881 {Atkinson, Robert William, F C S , F I C (Local Sec 1891 ) 
44 Stuart street, Cardiff 

1906 §Audbn, G a , M a , M D The Education Office, Edmund street, 

Birnungham 

1907 § Auden, H A , D Sc 13 Broughton dnve, Grassendale, Liverpool 
1903 {Austin, Charles E 37 Cambridge road, Southport 

1912 §Austin, Percy C 101 Norwood road, Herne HiU, S E 
1909* {Axtell, S W Stobart Block Wmmpeg, Canada. 


1914 §Baber, Z , Professor of Geography and Geology in the Uni\ ersity 
of Chicago, USA 

1883 ♦Bach Gladstone, Madame Henn 147 Rue de Grenelle, Pans 
1863 {Backhouse, T W West Hendon House, Sunderland 
1883 ♦Backhouse, W A St John’s, Wolsmgham, R S O , Durham 
1887 ♦Bacon, Thomas Walter Ramsden Hall, Billencay, Essex 
1903 {Baden Powell, Major B 32 Pnnce’s gate, S W 
1907 §Badgley, Colonel W F , Assoc Ihst C E , F R G S Verecroft, 
Devizes 

1914 §Bage, Charles, M A , M D 139 Colhns street, Melbourne 
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1914 ^Bage Mi-^s Freda Women’s College, BiLsbane, Australia 
1908 *Bagnall, Richard Siddoway Hojio Department of Zoology, 
University Museum, Oxford 

1905 it^Baikie, Robert P O Box 36, Pretoria, South Africa 
1883 jlBaildon, Dr 42 Hoghton street, Southport 

1883 *Bailey, Charles, M So , F L S Haymesgarth, Cleeve Hill S O , 
Gloucestershire 

1887 *Bailey, G H , D Sc , Ph D Edenmor, Kmlochloven, Argyll, 
NB 

1905 *Bailoy, Harry Percy Montrose, Northdown, Margate 
1914 §Bailey, P G 4 Richmond road, Cim bridge 
1905 JBailey, Right Hon W F , C B Land Commission, Dubhn 
1894 *Baily, Francis Gibson, M A Newbury, Colmton, Midlothi in 
1878 JBaily, Walter 4 Roslyn hill, Hampstead, N W 
1914 p>ain bridge FA MD J’rofe&K.or of J’hysiology in the Uiuvei''ity 
of Duiham, Newcastle on Tyne 
1905 *Baker, Sir Augustine 56 Memon square, Dubhn 
1913 *Baker, Bevan B , B Sc Frontenac, Donnmgton road, Harlesder, 
N W 

1910 §BAKrB, H F , Sc D , F R S (Pres A , 1913), Lowndean Piofessor 

of Astronomy and Geometry in the University of Cam- 
bridge St John’s College, Cambridge 

1886 §Baker, Harry, F I C Epworth House, Moughland lane, Runcorn 

1911 §Biker, Ali^s Liliin M be Biyn Deiniol, Bxngor 
1913 \Baler^ Ralph Homfcld (^nmhridgp 

1907 {Baldwin, Walter 5 St Alban’s street, Rochdale 

1904 {Balfour, The Right Hon A J , D C L , LL D , M P , F R S , 

Chancellor of the University of Edinburgh (President, 
1904 ) Whittmgehame, Prestonkirk, N B 
1894 {Balfour, Henry, M A (Pres H, 1904 ) Langley Lodge, 
Headington Hill, Oxford 

1905 {Balfour, Mrs H Langley Lodge, Headington Hill, Oxford 

1875 {Balfour, Isaac Baylby, MA, DSc, MD, FRS, FRSE, 
F L S (Pres D, 1894 , K, 1901), Professor of Botany in the 
Umversity of Edinburgh Inveileith House, Edinburgh 
1883 {Balfour, Mrs I Bayley Inverleith House, Edinburgh 
1905 {Balfour, Mrs J Dawyck, Stobo, N B 
1905 {Balfour, Lewis 11 Norham gardens, Oxford 
1905 {Balfour, Miss Vera B Dawyck, Stobo, N B 

1878 *Ball, Si” Charles Bent, Bart , M D Regius Professor of Surgery in 
the University of Dubhn 24 Men ion sqiiaie, Dublm 

1913 *Ball, Sidney, M A St Jolm’s College, Oxford 

1908 {Ball, T Elrington 6 Wilton place, Dublin 

1883 *Ball, W W Rouse, M A Trinity College, Cambridge 

1914 §Balsillie, J Gicene P M G ’s Dep ii tment, Melbourne 

1890 {Bamford, Professor Harry, M Sc 30 Falkland mansions, Glasgow 

1909 {Bampfield, Mrs E 309 Donald street, Winnipeg, Canada 

1912 ^Bancroft, Miss Nellie, B Sc , F L S 260 Normanton road, Derby 
1898 {Bannerman, W Bruce, F S A 4 The Waldrons, Croydon 

1909 {Baragar, Charles A University of Manitoba, Winnipeg, Canada. 

1910 {Barber, Miss Mary 13 Temple Fortune Court, Hendon, N W 
1890 * Barber Starkey, W J S Aldenham Park, Bridgnorth, Salop 
1861 ♦Barbour, George Bolesworth Castle, Tattenhall, Chester 
1860 *Barclay, Robert High Leigh, Hoddesden, Herts 

1887 ♦Barclay, Robert Sed^gley New Hall, Prestwich, Manchester 
1902 {Barcroft, H , D L The Glen, Newry, Co Down 

1902 {Barcroft, Joseph, M A , B Sc FRS King’s College, Cambiidge 
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1911 fB^rger, George, M A , D So , Professoi of Chemistry in the Royal 
Holloway College Malahide Rnglefield Green Surrey 

1904 §Barker, B T P , M A , Professoi of Agiicultui il Biology in tho 

University of Bii^'tol Fens wood. Long Ashton, Bristol 

1906 ^Barker, GreofErey Palgrave Henstead Hall, Wrentham, Suffolk 
1899 §Barker, John H , M Inst C E Adderley Park Rolling Mills 

Birmingham 

1882 ♦Barker, Miss J M Sunny Bank, Scalby, Scarborough 
1910 ♦Barker, Raymond Inglis Palgrave Henstead Hall, Wrentham, 
Suffolk 

1913 IBabtjng, Dr Gilbert Blythe Court, Norfolk road, Edgbaston, 
Binmngham 

1909 fBarlow, Lieut Colonel G N H Care of Messrs Cox & Co , 16 
Charmg Cross, S W 

1889 JBarlow, H W L,MA,MB,FCS The Park Hospital, Hither 

Green, S E 

1905 ♦Barnard, Miss Annie T , M D , B Sc Care of W Barnard, Esq , 

3 New court, Lincoln’s Inn, W C 

1881 ♦Barnard, William, LL B 3 New court, Lincoln’s Inn, W C 
1904 |Bames, Rev E W,MA,SoD,FRS Trinity College, Cambridge 

1907 §Barnes, Professor H T , Sc D , F R S McGill University, 

Montreal, Canada 

1909 ♦Barnett, Miss Edith A Holm Leas, Woi thing 
1913 §Barnett, Thomas G The Hollies, Upper Clifton road, Sutton 
Coldfield. 

1881 JBabr, Archibald, D So , MlnstCE (Pres G, 1912) Cixton 
street, Anniesland, Glasgow 

1902 ♦Barr, Mark Gloucester mansions, Harrington gardens, S W 
1904 jiBarrett, Arthur 6 Mortimer road, Cambndge 
1872 ♦Babbbtt, SirW F,FRS,FRSE,MRIA 6De Vesci 
terrace, Kmgstown, Co Dublin 

1874 ♦Barrington, R M , M A , LL B , F L S Fassaroe, Bray, Co 
Wicklow 

1874 ♦Barrington Ward, Rev Mark J, MA, FLS, FRGS The 
Rectory, Duloe S O , Cornwall 

1893 ♦Barrow, George, F G S 202 Brecknock road, Tufnell Park, N 
1913 J Barrow, Harrison 67 Wellington street, Edgbaston, Birmingham 
1913 J Barrow, Louis 156 Middleton Hall road, Kmg’s Norton 

1913 J Barrow, Walter 13 Ampton road, Edgbaston, Birmingham 

1908 {Barry, Gerald H Wiglin Glebe, Carlow, Ii eland 
1884 ♦Barstow, Miss Frances A Garrow Hill, near York 

1890 ♦Barstow, J J Jackson The Lodge, Weston super Mare 

1890 ♦Barstow, Mrs The Lodge, Weston super Mare 

1892 {Bartholomew, John George, PRSE, FRGS Newmgton 

House, Edinburgh 

1858 ♦Bartholomew, Wilham Hamond, M Inst C E Ridgeway House, 
Cumberland-road, Hyde Park, Leeds 

1909 {Bartleet, Arthur M 138 Hagley road, Edgbaston, Birmingham 
1909 {Bartlett, 0 Bank of Hamilton building, Winnipeg, Canada 

1914 §Barton, E C City Electric Light Company, Brisbane, Australia 

1893 ♦Barton, Edwin H , D Sc , F R S E , R^ofessor of Experimental 

Physics in UmversiW College, Nottingham 
1908 {Barton, Rev Walter John, M A , FRGS Epsom College, 
Surrey 

1904 ♦Bartrum, C O , B So 32 Willoughby road, Hampstead, N W 
1888 ♦Basset, A B , M A , F R S Fledborough Hall, Holyport, Berkshire 

1891 {Bassett, A B Cheverell, Uandaff 
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1866 ^Bassett, Henby 26 Belitha villas, Bamsbury, N 

1911 ♦Bassett, Henby, jun , D So , Ph D University College, Beading 
1889 JBastablb, Professor C F, MA, FSS (Pres F, 1894 ) 62 

Brighton road, Bathgar, Co Dublin 

1871 JBastian, H Charlton, MA,MD,FBS,FLS, Emeritus Pro- 
fessor of the Principles and Practice of Medicine in Umversity 
College, London Fairfield, Chesham Bois, Bucks 

1912 j;Bastian, Staff Surgeon William, B N Chesham Bois, Bucking- 

hamshire 

1883 ijiBATEBiAN, Sir A E , K C M G Woodhouse, Wimbledon Park, S W 

1905 *Bateman, Mrs F 1) The Bectorv, Mmchmhaniptoii 
1907 ♦Bateman, Harry The University, Manchester 

1914 §Bates, Mrs Daisy M 210 Punt road, Prahran, Victoiia 

1884 {Bateson, Professor William, M A , F B S (President , Pres 

D, 1904 ) The Manor House, Merton, Surrey 
1914 §Bateson, Mrs The Manor House, Merton, Surrey 
1881 ♦Bather, Fbanois Arthur, MA, DSc,FBS,FGS British 
Museum (Natural History), S W 

1906 §Batty, Mrs Braithwaite Ye Gabled House, The Parks, Oxford 

1904 {Baugh, J H Agar 92 Hatton garden, E C 

1909 {Bawlf, Nicholas Assinibome avenue, Winnipeg, Canada 

1913 §Bawtree, A E , F B P S Lynton, Manor Park road, Sutton, 

Surrey 

1912 *Baxter, Miss Evelyn V Boselea, Kirkton of Largo, Fife 
1912 *Bayliss, W M,MA,DSc, FBS, Professor of Geneial Physi 
ology m University College, London, W C 
1876 ♦Baynes, Bobert E , M A Christ Church, Oxford 
1887 ♦Baynes, Mrs BE 2 Norham gardens, Oxford 
1883 ♦Bazley, Gardner S Hatherop Castle, Fairford, Gloucestershire 
Bazley, Sir Thomas Sebastian, Bart , M A Kilmorie, llsham 
tove, Torquay, Devon 

1909 ♦Beadnbll, H J Llewellyn, F G S Hafod, Llandmam, Mont- 
gomeryshire 

1905 {Beare, Miss Margaret Pierrepont 10 Begent terrace, Edinburgh 
1889 §Bbarb, Professor T Hudson, B Sc , F B S E , M Inst C E The 

Umversity, Edinburgh 

1905 {Beare, Mrs T Hudson 10 Begent terrace, Edinburgh 

1904 {Beasley, H C 25a Pnnee Alfred road, Wavertree, Laverpool 

1905 {Beattie, Professor J C,DSo,FBSE South African College, 

Cape Town 

1900 {Beaumont, Professor Boberts, M I Mech E The University, Leeds 

1886 ♦Beaumont, W W , M Inst C E Outer Temple, 222 Strand, W C 

1914 §Beaven, E S Eastney, Warminster 
1914 §Beaven, Mi^s M J Eastney, Warminstei 

1887 ♦Beckett, John Hampden Corbar Hall, Buxton, Derbyshire 
1904 §Beckit, H O Cheney Cottage, Heading ton, Oxford 

1885 {Beddard, Frank E, MA, FBS, FZS, Prosector of the 

Zoological Society of London, Begent’s Park, N W 
1911 {Beddow, Fred, D Sc , Ph D 2 Pier mansions, Southsea 

1904 ♦Bedford, T G , M A 13 Warkworth street, Cambridge 
1891 {Bedhngton, Bichard Gadlys House, Aberdare 

1878 {Bbdson, P Phillips, D Sc , F C S (Local Sec 1889), Professor of 
Chemistry in the College of Physical Science, Newcastle upon 
Tyne 

1901 *Bbilby, G T, LLD, PBS (Pres B, 1906) 11 Umversity 

gardens, Glasgow 

1905 {Beilby, Hubert 11 Umversity gardens, Glasgow 
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1914 §Belas, Philip U , B A Unlvel‘^»ty Colloge, Coik 
1891 ♦Behnfante, L L , M So , Assist Sec G S Burlington House, W 
1909. jlBELL, 0 N. (Local Sec 1909 ) 121 Carlton street, Winnipeg, 

Canada 

1894 JBbll, F Jeffrey, M A , F Z S Bntish Museum, S W 

1900 ♦Bell, Henry Wilkinson Beech Cottage, Bawdon, near Leeds 
1883 ♦Bell, John Henry 102 Leyland road, bouthport 

1888 ♦Bell, Walter George, M A Trinity Hall, Cambridge 
1914 §Bell, William Reid, M Inst C E Buinie, Tasmania 

1908 ♦Bellamy, Frank Arthur, M A , F R A S University Observatory, 

Oxford 

1904 $Bellars, A E Magdalene College, Cambridge 

1913 ♦Beiliss, John, MIME Darhnghurst, Carpenter road, Edgbas 

ton, Birmmgham 

1883 ♦Bennett, Laurence Henry The Elms, Paignton, South Devon 

1901 JBennett, Professor Peter 207 Bath street, Glasgow 

1909 ♦Bennett, R B , K C Calgary, Alberta, Canada 

1909 JBenson, Miss C C Terralta, Port Hope, Ontario, Canada 

1903 §Benson, D E Queenwood, 12 Irton road, Southport 

] 901 ♦Benson, Miss Margaret J , D Sc Royal Holloway College, 
Englefield Green 

1914 §Bonson, W KilUia, Sydney N »S W 

1887 ♦Benson, Mrs W J 6 Wellington court, Knightshndge, S W 
1898 ♦Bent, Mrs Theodore 13 Great Cumberland place W 

1904 JBentley, B H , M A , Professor of Botany in the University of 

Sheffield 

1905 ♦Bentley, Wilfred The Dene, Kirkheaton, Huddersfield 

1908 XBenton^ Mrs Evelyn M Kingswear^ Hale^ Altrinckam, Cheshtie 
1896 ♦Bergin, William, M A , Professor of Natural Philosophy in Uni- 
versity College, Cork 

1894 §Bebkeley, The Earl of, F R S , F C S (Council, 1909-10 ) 
Foxcombe, Boarshill, near Abingdon 

1906 ♦Bernacchi, L C , F RjG S 64 Inverness terrace, W 
1906 ♦Bemays, Albert Evan 3 Pnory road Kew, Surrey 

1898 §Berndge, Miss C E 48 Stratford road, Marloes road, Kensing 
ton, W 

1894 §Bebridoe, Douglas, M A , F C S The College, Malvern 
1908 ♦Bemdge, Miss Emily M Dunton Lodge, The Knoll, Beckenham 
1914 ^Beiridge Miss Isabel 7 The Knoll, Bcekeiihxm, Kent 
1908 ♦Berry, Arthur J 14 Regent street, Cambridge 

1904 §Berry, R A , Ph D , West of Scotland Agricultural College, 

6 Blythswood square, Glasgow 

1914 §Berry, Professor R J A , M D The Uiiiveisit> Carlton, Mel 
bourne 

1905 t Bertrand, Captam Alfred Champel, Geneva 

1862 JBesant, William Henry, M A , So D , F R S St John’s College, 
Cambridge 

1913 JBethune Baker, G T 19 Clarendon road, Edgbaston, Burning 
ham 

1880 ♦Bevan, Rev James Oliver, MA, FSA, FGS ChiUenden 
Rectory, Canterbury 
1913 §Bevan, Mrs Hillside, Egham 

1884 * Beverley, Michael, M D The Shrubbery, Scolo, Noifolk 
1913 §Bewlay, Hubert The Lindens, Moseley, Birmingham 
1903 {Bickerchke, C F 1 Bovernoy road. Honor Oak Park S E 

1870 |Bicketon, Professor A W 18 Pembndge mansions, Moscow 
load, W 
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1888 

1910 

1911 


1898 

1901 

1908 
1887 
1881 

1910 
1887 

1913 

1904 

1911 

1906 

1910 

1886 

1914 

1909 

1901 

1903 

1908 
1913 

1913 

1909 

1910 

1902 

1914 

1914 

1900 

1905 

1904 
1884 

1887 

1884 

1913 

1902 

1888 

1909 

1887 

1908 

1887 

1911 
1898 
1894 


♦Bidder, George Parker Savile Club, Piccadilly, W 
XBiddlecomhe A 60 Grainger street, NewcasUe on Tyne 
j Biles, Sir John H, LL D , D So (Pres G, 1911), Professor of 
Naval Architecture la the University of Glasgow 10 Uni- 
versity gardens, Glasgow 

JBillington, Charles Heimath, Longport, Staffordshire 
♦Bilsland, Sir William, Bart , J P 28 Park circus, Glasgow 
♦Bilton, Edward Barnard Graylands, Wimbledon Common, S W 
♦Bindloss, James B Elm Bank Buxton 

JBinnib, Sir Atex\nder R , M Inst C E , F G S (Pres G, 1900 ) 
77 Ladbroke grove, W 

♦Birchenough, C , M A 8 Severn road, Sheffield 
♦Birloy, H K Penrhyn, Irlams o’ th’ Height, Manchester 
J Birtwistle, G Pembroke College, Cambridge 
{Bishop, A W Edwinstowe, Chaucer road, Carabndge 
♦Bishop, Major C F , R A The Castle, Tynemouth, Northumber 
land 

"Bishop, J L Yirrow Lodge, Waldegrave road, Teddington 
"Bisset, John Thornhill Insch, Aberdeenshire 
♦Bixby, Geneial W H 735 Southern building, Washington, USA 
♦BUck, S G Glenorimston, Glenoian'.fon South, Victoiii 
{Black, W J , Principal of Manitoba Agricultural College, Winnipeg, 
Canada 

§Black, W PM 136 Welhngton street, Glasgow 
♦Blackman, F F,MA,DSc,FRS (l^es K, 1908 ) St John’s 
College Cambridge 

§Blackman, Professor V H,MA,ScD,FRS Imperial College 
of Science and Technolog 3 ’^, S W 

§Blaokwell, Miss Elsie ]\I , M Sc 18 Stanley avenue, Birkdale, 
Southport 

{Bladen, W Wells Stone, Staffordshire 

{Blaikie, Leonard, M A Civil Service Commission, Burlmgton- 
gardens, W 

{Blair, R , M A London County Council, Sprmg gardens, S W, 
{Blake, Robert F , F I C Queen’s College, Belfast 
§Blikomore Mrs I> M Wiwoni, Cooper street, Bim^ood 
N S ^ 

§Bldvemore G H Wawona Cooper street Burwood, N S W 
♦Blamires, Joseph Bradley Ixidge, Huddersfield 
{Blamires, Mrs Bradley Lodge, Huddersfield 
{Blanc, Dr Gian Albeito Istituto Fisico, Rome 
♦Blandy, William Charles, M A 1 Fnar street, Reading 
♦Bles, Edward J , M A , D Sc Elterholm, Madingley road, Cam- 
bridge 

♦Blish, William G Niles, Michigan, USA 
{Blofield, Rev S , B A Saltley College, Birmingham 
{Blount, Bertram, F I C 76 & 78 York street, Westminster S W 
{Bloxsom, Martin, B A , M Inst C E 4 Lansdowne road. Crump- 
sail Green, Manchester 

{Blumfield, Joseph, M D 35 Harley street, W 
Blyth, B Hall 135 George street, Edinburgh 
♦Boddin^on, Henry Pownall Hall, Wilmslow, Manchester 
{Bobddioker, Otto, Ph D Birr Castle Observatory, Birr, Ireland 
♦Boissevain, Gideon Mana 4 Tesselschade straat, AmsteMam 
{Bolland, B G C Department of Agriculture, Cairo, Egypt 
§Bolton, H , M Sc , F R S E The Museum, Queen’s road, Bnstol 
IBolton, John, F R G S Brooklyn, 87 Widmore road, Bromley, 
Kent 
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1898 ^Bonab, Jamks, M A , LL D (Pres F, 1898 , Connoil, 1899-1905 ) 
The Mmt» Otta\i7a, Cana^ 

1909. :|:Bonar, Thomson, M D 114 Via Babuino, Piazza di Spagna, 
Borne 

1912 ♦Bond, O I , F R C S Sprmgfield-road, Leicester 
1914 §Bond, Mrs 0 1 Springfield road, Leicester 

1909 |Bond, J H B , M B 167 Donald-street, Wmmpeg, Canada 

1908 JBone, Professor W A , D So , F R S Imperial College of Science 

and Technology, S W 

1913 XBonnar, W , LL B , Ph D Hotel Cecily Strand, W C 

1871 *Bonnby, Rev Thomas Georob, ScD, LLD, FRS, FSA, 
FGS (President, 1910, Secretary, 1881-85, Pres C, 
1886 ) 9 Scroope terrace, Cambridge 

1911 {Bonny, W Naval Store office. The Dockyard, Portsmouth 
1888 {Boon, William Coventry 

1893 {Boot, Sir Jesse Carlyle House, 18 Bums street, Nottingham 
1890 ♦Booth, Right Hon Charles, ScD,FRS,FSS 28 Campden 
House Court, Kensmgton, W 

1914 §Booth, J , B Sc The Gables Berkeley street, Hawthorn, Vic 

toria 

1883 {Booth, James Hazelhurst, Turton 

1910 {Booth, John, M C E , B Sc The Gables, Berkeley street. Haw 

thorn, Melbourne Australia 

1883 {Boothroyd, Benjamin Weston super Mare 

1901 ^Boothroyd, Herbert E , M A , B Sc Sidney Sussex College, Cam- 
bridge 

1912 tBorgmann, Professor J J , D Ph , LL D Physical Institute, 

The University, Petrograd 

1882 §Borns, Henry, Ph D 5 Sutton Court road, Chiswick, W 
1901 {Borradaile, L A , M A Selwyn College, Cambridge 

1903 *Bosanquet, Robert C , M A , Professor of Classical Archceology 
in the University of Idveipool Institute of Archaeology, 
40 Bedford street, Liverpool 

1896 {Bose, Professor J C,CIE,MA,DSo Calcutta, India 
1881 §Bothamlby, Charles H,MSc, FIC, FCS, Education 
Secretary, Somerset County Council, Weston super Mare 
1871 ♦Bottomley, James Thomson, MA,LLD,DSo,FRS,FRSE, 
FCS 13 Umversity gardens, Glasgow 

1884 ♦Bottomley, Mrs 13 University gardens, Glasgow 

1892 ♦Bottomley, W B ,M A , Professor of Botany in Kmg’s College, W C 

1909 {Boulenger, C L , M A , D Sc The University, Birmingham 
1905 §Boulbngbr, G A , F R S (Pres D, 1905 ) 8 Courtfield road, S W 
1905 §Boulenger, Mrs 8 Courtfield road, S W 

1903 §Boxjlton, W S , D Sc , F G S , Professor of Geology in the Uni 

versity of Birmingham 

1911 {Bourdillon, R Balliol College, Oxford 

1883 {Bourne Sir A G , K C I E , D Sc , F R S , F L S Middlepark, 

Paignton, South Devon 

1914 §Bourne, Lady Middlepark, Paignton, South Devon 

1893 ♦Bourne, G C,MA,DSo,FRS,FLS (Pres D, 1910 , Council, 

1903-09 , Local Sec 1894), Linacre Professor of Comparative 
Anatomy in the Umversity of Oxford Savile House, Mans 
field road, Oxford 

1904 ♦Bousfield, E G P St Swithin’s, Hendon, N W 

1913 §Bowater, W H Elm House, Arthur road, Edgbaston, Bir 

mmgham 

1913, {Bowater, William 20 Russell road, Moseley, Birmingham 
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1881 *Bowbr, F 0,DSo,FRS,FRSB,FLS (Pres K, 1898, 
1914 , Council, 1900-06), Regius Professor of Botany in the 
University of Glasgow 

1898 *Bowker, Arthur Frank, F R G S , F G S Whitehill, Wrotham, 
Kent 

1908 §Bcrwles, E Augustus, M A , F L S Myddelton House, Waltham 

Cross, Herts 

1898 JBowlby, a L , M A (Pres F, 1906 , Council, 1906-11 ) North 

court avenue, Rea^ng 
1880 JBowly, Chnstopher Cirencester 
1887 JBowly, Mrs Chnstopher Cirencester 

1899 *Bowman, Herbert Lister, M A , D Sc , F G S , Professor of 

Mineralogy in the University of Oxford Magdalen College, 
Oxford 

1899 *Bowman, John Herbert Greenham Common, Newbury 
1887 §Box, Alfred Marshall 14 Magratb avenue, Cambndge 

1901 JBoyd, David T Rbinsdale, Ballieston, Lanark 

1892 4 .B 0 YS, CHARI.BS Vernon, F R S (Pres A, 1903 , Council, 1893-99, 

1905-08 ) 66 Viotona street, S W 

1872 *Brabrook Sir Edward, C B , F S A (Pres H, 1898 , Pres F, 
1003 , Co 111 ! M 1, 1003-10 1011 - ) Langham Houho, Walling 

ton, Suiiev 

1894 ♦Braby, Ivon Helena, Alan-road, Wimbledon, S W 

1893 §Bradley, F L Ingleside, Malvern Wells 

1904 ^Bradley, Gustav Council Offices, Goole 

1903 ♦Bradley, O Cbarnock, DSc, MD, FRSE Royal Vetennary 

College, Edinburgh 

1892 JBradshaw, W Carisbrooke House, The Park, Nottingham. 

1863 JBrady, GsoRap S , M D , LL D , F R S Park Hurst, Endcliffe, 
Sheffield 

1911 §BRAca, W H, MA, FRS (Council, 1011- ), Professor of 

Physics in the University of Leeds 
1005 §Hiikhm A (> Monfigue in insions, I*oilinin square, \V 

1906 ifBranfield, Wilfnd 4 Victona villas, Upperthorpe, Sheffield 
1885 *Bratby, William, J P Alton Lodge, Lancaster Park Harrogate 

1905 {Brause wetter, Miss Roedean School, near Brighton 

1909 §Bremner, Alexander 38 New Broad-street, E C 

1905 iBremner, R S Westminster chambers. Dale street, Liverpool 
1905 jBremner, Stanley Westminster chambers. Dale street, Liverpool 
1913 §BienchIey, Miss Winifred E , D Sc , F L S Rothamsted Ex 
peiimental Station, Harpenden, Herts 

1902 ‘‘'Bieieton, Cloudoblcv 7 Lyndhurst road, Hampstead, N W 
1909 *Breton, Miss Adela C Caie of Wilts and Dorset Bank, Bath 
1905 §Brewis, E 27 Wmchelsea road, Tottenham, N 

1908 IBnckwood, Sir John Branksmere, Southsea 

1907 ♦Bridge, Henry Hamilton Fairfield House, Droxford, Hants 

1912 tBridgman, F J , F L S Zoological Department, University 

College, W C 

1913 JBrierley, Leonard H 11 Ampton road, Edgbaston, Birmingham 
1913 §Bnggs, W Fnars Croft, Park dn\e. Hale, Cheshire 

1904 ♦Bnggs, Wilham, M A , LL D , F R A S Burhngton House, Cam 

bridge 

1909 *Briggs, Mrs Wilham Owlbngg, Cambridge 

1908 tBrmffiey, H H 4 Devana terrace, Cambndge 

1893 JBnscoe, Albert E , B Sc , A R C So The Hoppet, Little Baddow, 

Chelmsford 

1904 :(Bnscoe, J J Bourn Hall, Bourn, Cambndge 
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1905 §Bnsco6, Miss Bourn Hall» Bourn, Cambridge 
1 898 {Bristol, The Right Rev G F Browne, D D , Lord Bishop of 
17 The Avenue, Clifton, Bristol 

1879 ^Brittain, W H,JP,FRGS Storth Oaks, Sheffield 
1905 *Broadwood, Brigadier General R G The Deodars, Bloemfontein, 
South Africa 

1905 {Brock, Dr B G P O Box 216, Germiston, Transvaal 

1907 {Brockmgton, W A , M A Birstall, Leicester 
1806 ’•'Brocklehurst, S Olinda, Sefton Park, Liveipool 

1901 {Brodie, T G, MD, FRS, Professor of Physiology m the 
University of Toronto The University, Toronto, Canada 
1883 *Brodie Hall, Miss W L Havenwood, Peaslake, Gomshall, Surrey 

1903 {Brodriok, IIarold, M A , F G S (Local Sec 1903 ) 7 Aughton 

road, Birkdale, Southport 

1913 {Brodrick, Mrs Harold 7 Aughton road, Birkdale, Southport 

1904 {Bromwich, T J I’ A , M A , F R S 1 Selwyn gardens, Cambridge 

1906 {Brook, Stanley 18 St George’s place, York 

1911 §Brooke, Colonel Charles K , F R G S Aimy and Navy Club, Pall 

Mall, S W 

1906 *Brooks, FT 31 Tenison avenue, Cambridge 
1883 *Brough, Mis Charles S 4 Spencer road, Southsea 
1886 {Brough, Joseph, LL D , Professor of Logic and Philosophy in Uni- 
versity College, Aberystwyth 

1913 §Brown, Professor A J , M Sc , F R S West Heath House, North- 

field, Birmingham 

1905 {Brown, A R Tnnity College, Cambndge 

1863 *Brown, Alexander Crum, MD, LLD, FRS, FRSE, 
V P C S (Pres B, 1874 , Local Sec 1871 ) 8 Belgrave- 
crescent, Edinburgh 

1883 {Brown, Mrs Ellen F Campbell 27 Abercromby square. Liver 

pool 

1905 §Brown, Professor Ernest William, M A , D Sc , FRS Yale Uni- 
versity, New Haven, Conn , U S A 

1914 §Brown, F G , B A , B Sc Naval College, North Geelonsr, Victoria 
1903 {Brown, F W 6 Rawlinson road, Southport 

1914 §Brown, Rev George, D D Kinawanua, Gordon, NSW 
1870 §Brown, Horace T , LL D , F R S , F G S (Pies B, 1899 , Council, 
1904-11 ) 52 Nevern square, S W 

1881 ♦Brown, John, M D Rosebank, Cape of Good Hope 

1895 *Brown, John Charles 39 Burhngton road, Sherwood, Notting- 
ham 

1882 ♦Brown, Mrs Mary Rosebank, Cape of Good Hope 

1901 {Brown, Professor R N Rudmose, D Sc The University, Sheffield 

1908 §Brown, Sidney G 52 Kensington Park road, W 

1905 §Brown, Mrs Sidney G 52 Kensington Park road, W 
1910 * Brown, Sidney JR 52 Kensington Park road, W 

1912 {Brown, T Graham The University, Liverpool 

1884 {Brown, W G University of Missouri, Columbia, Missouri, USA 
1908 {Brown, William, B So 48 Dartmouth square, Dublin 

1912 {Brown, Dr William Thornfield, Horley, Surrey 

1906 {Browne, Charles E , B So Christ’s Hospital, West Horsham 
1900 *Brownb, Frank Balfour, M A , F R S E , F Z S 26 Barton- 

road, Cambridge 

1908 {Browne Rev Henry, MA, Professor of Greek in University 
College, Dublm 

1895 ♦Browne, H T Doughty 6 Kensmgton House, Keasmgton- 
court, W 
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1879 JBrownb, Sir J Cbiohton, MD,LLD,FRS,FRSE 41 Hans- 
place, S W 

1905 *Browne, James Stark, F R A S Hillcrest, Castlebar hill, Ealmg, 
W 

1883 t Browning, Oscar, M A King’s College, Cambridge 

1912 §Brownmg, T B , M A 19 Aldermary road, Bromley, Kent 

1905 §Bbtjob, Colonel Sir David, CB,FRS,AMS (Pres I, 1906.) 

Royal Society Commission, Kasu Hill (near Mvera), Central 
Angoniland, Nyasaland Protectorate, British Central Africa 

1906 JBruce, Lady 3 p Artillery mansions, Victoria street, S W 

1893 JBbtjcb, William S , LL D , F R S E Scottish Oceanographical 

Laboratory, Surgeons’ Hall, Edinburgh 
1902 XBrme Kingmittl, Ma'jor J , F C S 4: JSt AnrCs squmey Man^ 
cheater 

1900 ♦Brumm, Charles Lismara, Grosvenor road, Birkdale Southport 

1896 *Brunner, Right Hon Sir J T , Bart Silverlands, Chertsey 
1868 jBbctnton, Sir T Lauder, Bart , M D , Sc D , F R S (Council, 

1908-12 ) 10 Stratford place, Cavendish square, W 

1897 *Brush, Charles F Cleveland, Ohio, USA 

1886 *Bryan, G H , D Sc , F R S , Professor of Mathematics in Umversity 
College, Bangor 

1894 JBryan, Mrs R P Plas Gwyn, Bangor 

1884 *Bbycb, Rev Professor Geobqe, D D , LL D Kilmadock, Winni- 

peg, Canada 

1909 f Bryce, Thomas H , M D , Professor of Anatomy in the Unive ity 
of Glasgow 2 The College, Glasgow 
1902 ’“Bubb, Miss E Maude Ullenwood, near Cheltenham 
1890 §Bubb, Henry Ullenwood, near Cheltenham 
1902 *BucHANA2!i, Miss Florpnce, D So University Museum, Oxford 
1905 tBuchanan, Hon Sir John Claremch, Claremont, Cape Town 
1871 JBuchanan, John Young, MA, FRS, FRSE, FRGS, 
F C S 26 Noifolk street. Park lane, W 
1909 {Buchanan, W W P O Box 1668, Winnipeg, Canada 
1014 §Buck E J Menzies’ Hotel, Melbourne 

1913 {Auckland, H T 21 Yateley road, Edgbaston, Birmingham 
1884 ♦Buckmaster, Charles Alexander, M A , F C S 16 Heathfield road 

Mill Hill Park, W 

1904 {Buckwell, J C North Gate House, Pavihon, Brighton 

1893 §Bullbid, Arthur, F S A Dymboro, Midsomer Norton, Bath 
1913 *Bulleid, C H University College, Nottingham 

1913 *Buller, A H Reginald, Professor of Botany in the Univeisity 

of Manitoba, Winnipeg 

1909 JBulyba, The Hon G H V Edmonton, Alberta, Canada 

1914 §Bundey, Mi&s E M Moleswoith street Noith AdeUide, South 

Aubtialia 

1905 JBurbury, Mrs A A 16 Melbury road, W 
1905 IBurbury, Miss AD 15 Melbury road, W 

1881 {Burdett-Coutts, Wilbam Lehmann, M P 1 Stratton street, Picca 
dilly, W 

1905 JBurdon, E R , M a Ikenhilde Royston, Herts 
1913 §Burfield, Stanley Thomas Zoology Department, The University, 
Li\erpool 

1913 *Burgess, J Howard Shide, Newport, Isle of Wight 

1894 {Bubkb, John B B Tnnity College, Cambndge 

1884 *Burland, Lieut Colonel Jeffrey H 342 Sherbrooke street West, 
Montreal, Canada 

1899 {Burls, H T , F G S 2 Verulam buildings, Gray’s Inn, W C 
1914 B 
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1904 tBum, R H 21 Stanley orescent, Netting hill, W 

1914 *Buriis, Colonel Jamos Go'wan Brae Parramatta, NSW 
1909 JBums, F D 203 Morley avenue, Winnipeg, Canada 

1908 t Burnside, W Snow, D Sc , Professor of Mathematics in the Uni 

versiby of Dublin 35 Raglan road, Dublm 

1905 tBurroughes, James S , F R G S The Homestead, Seaford, Sussex 

1909 JBurrows, Theodore Arthur 187 Kennedy street, Winnipeg, 

Canada 

1910 tBurt, Cyril The University, Liverpool 

1894 f Burton, C V Boar’s Hill, Oxford 

1909 JBurton, E F 129 Howland avenue, Toronto, Canada 

1911 JBurton, J H County Education Office, Weston super Mare 
1892 J Burton Brown, Colonel A , F G S Royal Societies Club, St 

James’s street, S W 

1904 fBurtt, Arthur H , D Sc 4 South View, Holgate, York 

1906 JBurtt, Philip Swarthmore, St George’s place, York 

1909 JBurwash, E M , M A New Westminster, British Columbia 

Canada 

1887 ’•'Bury, Henry Mayfield House, Famham, Surrey 
1899 {Bush, Anthony 43 Portland road, Nottingham 

1895 iBushe, Colonel C K , F G S 19 Cromwell road, S W 
1908 *Bushell, W F Rossall School, Fleetwood 

1910 JButcher, Miss 25 Earl’s Court square, S W 

1884 ’•'Butcher, William Deane, M R C S Eng Holyrood, 5 Cleveland- 
road Ealing, W 

1913 *Butlor, W Waters Southfield, Norfolk road, Edgbaston, Bir 
mingham 

1884 ’•'Butterworth, W Carisbrooke, Rhin road, Colwyn Bay, North 
Wales 

1887 ’•‘Buxton, J H Clumber Cottage, Montague road, Felixstowe 
1899 JBylos Arthur R ‘ Bradford Oteerver,’ Bradford, Yorkshire 


1913 §Cadbury, Edward Westholme, Selly Oak, Birmingham 
1913 :[Cadbury, W A Wast Hills, King’s Norton 
1892 JCadell, H M,BSc,FRSE Grange, Linlithgow 
1908 jCadic, Edouard, D Litt Mon Capnee, Pembroke Park, Dublm 
1913 ^Cadman, John, D Sc , Professor of Mining m the University of 
Birmingham 61 Wellington road, Edgbaston, Birmingham 
1913 JCadman, W H , B Sc Matarieh, Cairo, Egypt 
1913 J Cahill, J R 49 Hanover Gate mansions. Regent’s Park, N W 
1912 §Caine, Nathaniel Spital, Cheshire 

1861 ’•‘Caibd, Sir James Key, Bart , LL D 8 Magdalen Yard road 
Dundee 

1901 tCaldwell, Hugh Blackwood, Newport, Monmouthshire 
1907 jCaldwell, K S St Bartholomew’s Hospital, S E 
1897 ICallendar, Httgh L, MA, LLD, FRS (Pres A, 1912 , 
Council, 1900-06), Professor of Physics in the Imperial 
College of Science and Technology, S W 
1911 JCalman, W T , D So Biitish Museum (Natural History), Crom 
well road, S W 

1911 :|;Gameron, Alexander T Physiological Department, University of 
Manitoba, Winnipeg 

1857 :|:Cameson, Sir Chablbs A,CB,MD 51 Pembroke-road, Dubhn 
1909 fCameron, DO 65 Roslyn road, Wmnipeg, Canada 
1896 ICameron, Irving H , LL D , Professor of Surgery m the University 
of Toronto 307 Sherbourne street, Toronto, Canada 



LIST OF MEMBERS 1914 


19 


Y ear of 
Election 

1909 {Cameron, Hon Mr Justice J D Judges’ Chambers, Winnipeg, 
Canada 

1901, §Campbell, Archibald Park Lodge, Albert drive, Pollokshielda, 
Glasgow 

1897 {Campbell, Colonel J C L Achalader, Blaagowrie, N B 
1909 f Campbell, R 1 Holdenhur'-t, Hondon avenue. Church Jilnd, 
Finchley, IN 

1909 {Campbell, Mis K T Holdenhurst, Hendon avenue, Chuich 

End, Finchley, N 

1902 {Campbell, Robert 21 Great Victoria stieet Belfast 
1912. {Campbell, Dr Robert Geological Department, The University, 
Edinburgh 

1890 {Caitnan, Professor Edwin, M A , LL D , F S S (Pres F, 1902 ) 
11 Chadlmgton-road, Oxford 
1905 {Cannan, Gilbert Kang’s College, Cambridge 
1897 § Cannon, Herbert AJconbury, Bexley Heath, Kent 

1904 {CapoU, Rev G M Passenham Rectory, Stony Stratford 

1911 {Capon, R S 49a Rodney street, Liverpool 

1905 *Caporn, Dr A W Muizenberg, South Africa 

1894 {Capper, D S , M A , Professor of Mechamoal Engineering m King’s 
College, W C 

1887 {Capstick, J W Trmity College, Cambridge 

1896 ’“Garden, H Vandeleur Fir Lodge, Broomfield, Chelmsford 

1913 1 Carlier, E Wace, M Sc , M D , F R S E , Professor of Physiology 

in the Univeisity of Birmingham The University, Edmund 
street, Birmingham 

1914 §Carne, J E JMines Dcpaitment Sydney JV S W 
1913 §Cirpenter, Charles 157 Victoni street S W 

1913 ’“Carpenter, G D H , M B 19 Bardwell road, Oxford 

1902 {Carpenter, G H , B So , Professor of Zoology in the Royal College 
of Science, Dubbn 

1900 '“Carpenter H C H 10 Murriy road, Wimbledon 

1905 §Carpmael, Edward, F R A S , M Inst C E 24 Southampton 

buildings, Chancei y lane, W C 

1912 ’“Can, H Wildon, D Litt 10 More’s Garden, Cheyne walk, S W 

1910 {Carr, Henry F Broadparks, Pm hoe, near Exeter 

1893 {Carr, J Wbsiby, MA, FLS, FGS, Professor of Biology in 
University College, Nottingham 

1906 ’“Carr, Richard E Sylvan Mount, Sylvan road. Upper Norwood, S E 
1889 {Carr Ellison, lohn Ralph Hedgeley, Alnwick 

1911 {Carrutheis, R G, FGS Geological Survey Office, 33 George- 

square, Edinburgh 

1867 {Carruthers, William, FRS, FLS, FGS (Pres D, 1886 ) 
44 Central hill, Norwood, S E 

1886 {Cabslakb, J Bap.ham (Local Sec 1886 ) 30 Westfield road, 
Birmingham 

1899 §Carslaw, H S , D So , Professor of Mathematics in the Umversity 

of Sydney, NSW 

1914 §Carson, Rev James The Manse, Cow per, NSW 

1911 {Carter, Godfrey, MB 4 Lawson road, Broomhill, Sheffield 

1900 ’“Carter, W Lower, M A , FGS Bolbeo, Grange Road, 

Watford 

1896 {Cartwnght, Miss Edith G 21 York Street chambers, Bryanston 
square, W 

1878 ♦Cartwnght, Ernest H , M A , M D Myskyns, Tioehurst, Sussex 
1870, §Cartwright, Joshua, MTnstCE FSI 21 Parsons lane Buiy, 
Lancashire 

B 2 
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1862 

1894 

1913 

1901 

1899 

1897 

1908 

1910 

1905 

1905 

1910 

1913 

1913 

1914 

1913 

1901 

1905 

1881 

1908 

1888 

1907 

1902 

1914 

1910 

1899 

1912 

1910 

1905 

1904 

1886 

1904 

1913 

1900 
1874 

1908 

1910 
1879 

1911 
1908 
1883 
1894 

1899 

1899 

1904 

1882 


tCarulla, P J R 84 Rosehill street, Derby 
tCanis, Dr Paul La Salle, Illinois, USA 

ICarus Wil'ion, Cecil F E S E , F G S Altmore, Waldegravr 
park, StraA^berrjr Hill, T\nckenhirn 
JCarver, Thomas A B , D Sc , Assoc M Inst C E 9 Springfield 
road, Dalmarnock, Glasgow 

*Case, J Monckton Department of Lands (Water Branch), 
Victoria, British Columbia 
♦Case, Willard E Auburn, New York, USA 
♦Cave, Charles J P , M A Ditcham Park, Petersfield 
tChadburn, A W Bnncliffe Rise, Sheffield 
♦Challenor, Bromley, M A The Firs, Abingdon 
♦Challenor, Miss E M The Firs, Abingdon 
§Cha}mers, Stephen D 25 Cornwall road, Stroud Green, N 
Chalmers, Mrs S D 25 Cornwall road, Stroud Green, N 
JChamberlain, Neville Westbourne, Edgbaston, Birmingham 
§ChambPilin, Dr R T Geological Department, University of 
Chicago, USA 

t Chambers, Miss Beatrice Anne Glyn y mtl, Fishguard 
§Chamen, W A South Wales Electncal Power Distribution 
Company, Royal chambers. Queen street, Cardiff 
JChampion, G A Haraldene, Chelmsford road, Durban, Natal 
♦Champney, John E 27 Hans place, S W 
JChance, Sir Arthur, M D 90 Mernon square, Dublin 
JChandler, S Whitty, BA St George’s, Cecil road, Bosconibe 
♦Chapman, Alfred Chaston, F I C 8 Duke street, Aldgate, E C 
♦Chapman, D L , F R S Jesus College, Oxford 
§Chapman H CJ M 1) Department of Physiology The Um 
versitv, Sydney NSW 
JChapman, J E Kinross 

§Chapman, Professor Sydney John, M A , M Com (Pres F, 
1909 ) Burnage Txidge, Levenshulme, Manchester 
♦Chapman, Sydney, DSc, BA, FRAS Royal Observatory, 
Greenwich, S E 

JChappell, Cyril 73 Neill road, Sheffield 
JChassigneux, E 12 Tavistock road, Westbourne park, W 
♦Chattaway, FD,MA,DSc,PhD,PRS 151 Woodstock road, 
Oxford 

♦Chaitock, a P , D Sc Heathfield Cottage, Crowcombe, 
Somerset 

♦Chaundy, Theodore William, M A Christ Church, Oxford 
§Cheesman, Miss Gertrude Mary The Crescent, Selby 
♦Cheesman, W Norwood, J P , F L vS The Crescent, Selby 
♦Chermside, Lieut General Sir Herbert, RE,GCMG,CB New 
stead Abbey, Nottingham 

JCherry, Right Hon Lord Justice 92 St Stephen’s Green, Dublin 
iChesney, Miss Lilian M , M B 381 Glossop road, Sheffield 
♦Chesterman, W Belmayne, Sheffield 
♦Chick, Miss H , D So Chestergate, Park hill, Ealing, W 
JChill, Edwin, M D Westleigh, Mattock road, Ealing, W 
tChmery, Edward F , J P Lymmgton 

JChisholm, G G, MA, BSo.FRQS (Pres E, 1907 ) 12 
Hallhead road, Edinburgh 

§Chitty, Edward Soimenberg, Castle avenue, Dover 
JChitty, Mrs Edward Sonnenberg, Castle avenue, Dover 
§Chivers, John, J P Wychfield, Cambridge 
JChorley, George Midhurst, Sussex 
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1909 tChow, H H , M D 263 Broadway, Winnipeg, Canada 
1893 *0hbeb, Charles, D So , P R S Kew Observatory, Richmond, 
Surrey 

1913 §ChriBtie, Dr M G Post Office House, Leeds 

1900 *Chnstie, R J Duke street, Toronto, Canada 

1876 ♦Christopher, George, PCS Thorncroft, Chislehurst 

1870 §Church, Sir Arthur, KCVO, MA, PRS, PSA Shelsley, 
Ennerdale road, Kew 

1903 JClapham, J H , M A King’s College, Cambridge 

1901 §Clark, Archibald B , M A , Professor of Political Economy in the 

University of Manitoba, Winnipeg, Canada 
1905 *Clark, Cumberland, F R G S 22 Kensington Park gardens, W 

1907 *Clark, Mrs Cumbeiland 22 Kensington Park gardens, W 

1877 *Clark, P J , J P , P L S Netherleigh, Street, Somerset 

1902 :|:Clark, G M South African Museum, Cape Town 

1881 *Clark, J Edmund, BA, B So Asgarth, Riddlesdown road 
Purley, Surrey 

1909 tClark, J M , M A , K C The Kent Buildmg, 150 Yonge street, 
Toronto, Canada 

1908 JClark, James, B So , Ph D Newtown School, Waterford, Ireland 
1908 fClark, John R W Brothock Bank House, Arbroath, Scotland. 

1901 *Clark, Robert M , B So , P L S 27 Albyn place, Aberdeen 

1907 *Clarke, E Russell 11 Kmg’s Bench walk. Temple, E C 

1902 *Clarkb, Miss Lilian J , B Sc , P L S Chartfield Cottage, Brasted 

Chart, Kent 

1889 *Clayden, a W,MA,PGS 5 The Crescent, Mount Radford, 
Exeter 

1908 ♦Clayton, Miss Edith M Braokendene, Horsell, Surrey 

1909 §Cleeves, Prederiok, P Z S 23 Lime street, E 0 

1909 JCleeves, W B Public Works Department, Government buildings, 
Pretoria 

1861 JCleland, John, M D , D Sc , P R S Diumclog, Crewkerne, 
Somerset 

1905 §Cleland, Mrs Drumclog, Crewkerne, Somerset 

1905 §Cleland, Lieutenant J R Drumclog, Crewkerne, Somerset 
1902 f Clements, Olaf P Tana, St Bernard’s road, Olton, Warwick 

1904 §Clerk, Dr Duqald, F R S , M Inst C E (Pres G, 1908 , Council 

1912- ) 67 and 68 Lincoln’s Inn Fields, W C 

1909 JCleve, Miss E K P 74 Kensmgton Gardens square, W 
1861 ♦Clifton, R Bellamy, M A, PRS, ERAS, Professor of Expeii 
mental Philosophy in the Umversity of Oxford 3 Bardwell 
road, Banbury road, Oxford 

1906 §Close, Colonel C F,RE,CMG,FRGS (Pies E, 1911, 

Council, 1908-12 ) Ordnance Suivey Office, Southampton 
1914 §Clo«c, J Campbell 217 Claiemt stieet Sydney, NSW 

1883 *Clowfs, Professoi Frank, D Sc , FCS f Local Sec 1893 ) 

9’he Grange College load Dulwich, S K 
1914 §Clowes, Mrs The Grange, College road, Dulwich, S E 
1912 §Clubb, Joseph A , D Sc Free Public Museum, Liverpool 
1891 ♦Coates, Henry, P R S E Balure, Perth 

1884 tCobb, John Pitzhams, Abingdon 

1911 ICobbold, E S , F G S Church Stretton, Shropshire 
1908 ♦Cochrane, Miss Constance The Downs, St Neots 
1908 JCochrane, Robert, ISO, LL D , PSA 17 Highfield road, 
Dubhn 

1901 JCockbum, Sir John, K C M G , M D 10 Gatestone road. Upper 
Norwood, S E 
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1883 :|:Cockshott, J J 24 Queen’s road, Southport 

1913 iOodd, J Alfred 7 Teitenhall road, Wolverhampton 

1861 *Coe, Rev Charles C , F R G S Whinsbndge, Grosvenor road, 
Bournemouth 

1908 Woffey, Denis J , M B 2 Arkendale^road, Ohnageary, Co JQvblin 

1898 JCoffey, George 6 Harcourt terrace, Dubhn 

1881 *CoFFiN, Walter Harris, F C S National Liberal Club, S W 

1896 *Coghill Percy de G Sunnyside House, Prince’s Park, Liverpool 

1914 §Coghill, Mrs Una Monomeath avenue, Canlerbuiy, Victoria 

1901 *Cohen, R Waley, BA 11 Sussex square, W 

1906 ’•'CoKFR, Ernest Georgl, MA, D Sc , FRSE (Pres G, 1914), 
Profe'ssor of Civil and Mechanic il rngmeering, University 
College, Gow or street, W C 

1914 §Cokei, Mrs 3 Farnley road, Chingford, Essex 
1895 *Colby, William Henry C\irn Villi, St Brannock « road, Tlfra 
combe 

1913 §CoLB, Professor F J University College, Reading 
1893 §CoLE, Grenville A J , F G S , Professor of Geology m the Royal 
College of Science, Dubhn 

1903 iCole, Otto B 651 Boylston street, Boston, USA 

1910 §Cole, Thomas Skelton Westbury, EndclifPe crescent, Sheffield 

1897 §CoLEMAN, Professor A P, MA, PhD, FRS (Pres C, 1910 ) 

476 Huron street, Toronto, Canada 

1899 JCollard, George The Gables, Canterbury 
1892 JCollet, Miss Clara E 7 Colendge road, N 

1912 JCollett, J M , J P Kimsbury House, Gloucester 

1887 JCoLLiB, J Norman, Ph D , F R S , Professor of Organic Chemistiy 

in the University of London 16 Campden grove, W 

1913 jColhnge, Walter E , M So 8 Newhall street, Birmingham 

1861 *Collingwood, J Frederick, F G S 8 Oakley road. Canon 
bury, N 

1876 JCoLLiNS, J H , F G S Crinms House, Par Station, Cornwall 
1910 *Collins, S Hoaie 9 Cavendish place, Newcastle-on-Tyne 

1902 tColhns, T R Belfast Royal Academy, Belfast 

1914 §Collum, Mrs Anna Maiia 18 Northbrook road, Leesori Park, 

Dublin 

1892 4.Colman, Dr Harold G 1 Arundel street Strand, W C 
1910 *Colver, Robert, ]un Graham road, Ranmoor, Sheffield 
1905 *Combs, Rev Cyril W , M A Elverton, Castle road, Newport, 
Isle of Wight 

1910 *Compton, Robert Harold B A Gonville and Cams College, Cam- 

bridge 

1912 ^Conner, Dr Willi iin The Piioiy, WatcrlooMlle, Hants 

1902 JConway, AW*** 100 Leinster road, Rathmines, Dublin 

1903 JConwi^, R Seymour, Litt D , Professor of Latin in Owens College, 

IVfanohester 

1898 §Cook, Ernest H , D Sc 27 Berkeley square, Clifton, Bristol 

1913 §Cook, Gilbert, M Sc , Assoc M Inst C E Engmeermg Depart- 

ment, The Univeisity, Manchester 

1876 *CooKB, Conrad W The Pinos, Langland gardens, Hampstead, N W 

1911 JCooke, J H 101 Victoria load North, Southsea 

1914 §Cooke Wilham Tcuiint, 1) Sc Font Lh avenut. East Adelaide, 

South Aubtialii 

1888 JCooley, George Parkin Constitutional Club, Nottingham 

1899 *Coomaraswamy, A K, DSo, FLS, FGS Broad Campden, 

Gloucestershire 

1903 §Cooper, Miss A J 22 St John street, Oxford 
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1901 *Cooper, C Forster, B A Trinity College, Cambridge 

1911 §Cooper, W E Henwiok Lodge, Worcester 

1912 §Cooper, W F The Laboratory, Rickmansworth road, Watford 

1907 JCooper, William Education Offices, Beoket street, Derby 

1904 *CoPEMAN, S Monckton, M D , F R S Local Government Board, 
Whitehall, S W 

1909 §Copland, Mrs A J Gleniffer, 60 Woodberry Down, N 

1904 *Copland, Miss Lomsa 10 Wjninstay gardens, Kensington, W 
1909. ^.Corbett, W A 207 Bank of Nova Scotia building, Winnipeg, 

Canada 

1887 *Coicoran, Bryan 43 Cioham Park avenue. South Croydon 

1894 §Corcoran, Miss Jessie R Rotherheld Cottage, Bexhill on Sea 
1901 *Cormack, J D , D Sc , Professor of Civil Engineering and Mechanics 

in the University of Glasgow 

1893 *Corner, Samuel, BA, B So Abbotsford House, Waverley 
street, Nottingham 

1889 fCoRNiSH, Vaughan, D Sc , F R G S Woodville, Camberley 

1884 *Cornwallis, F S W F L S Linton Park, Maidstone 

1900 §CoRTiE, Rev A L,SJ,FRAS Stonyhurst College, Blackburn 

1905 JCory, Professor G E , M A Rhodes Umversity College, Grahams 

town. Cape Colony 

1909 *Cossar, G C , M A , F G S Southview, Murrayfield, Edinburgh 

1910 §Cossar, J lines 28 Colt budge tt ri ice Miuia 3 ^hcld Midlot hi in 

1911 JCossey, Miss, M A High School for Girls, Kent road, Southsca 

1908 *Co8tello, John Francis, B A The Rectory, Ballymackey, Nenagh, 

Ireland 

1874 *CoTTBRiLL, J H , M A , F R S Hillciest, Paikstonc, Dorset 
1908 JCotton, Alderman W F , D L , J P , M P Hollyi\ood, Co Dublin 
1908 {Courtenay, Colonel Arthur H,CB, DL United bci\ico Club, 
Dublin 

1896 {Courtney, Right Hon Lord (Pres F, 1896 ) 15 Cheyne walk, 

Chelsea, S W 

1911 {Couzens, Su G E , K L H Glenthoine, Kingston descent. Ports 

mouth 

1908 {Cowan, P C , B Sc , M Inst C E 33 Ail« sbury load, Dublin 
1872 *Cowan, Thomas Wilham, F L S , F G S Upcott House, Taunton, 

Somersetshire 

1903 {Coward, H Knowle Board School Bristol 
1900 §Cowburn, Henry Dingle Head, Leigh, Lancashire 
1914 ^Cowburn, Mrs Dingle He id, Leigh, Lincashiie 

1895 *CowBLL Philip H , M A , D Sc , F R S 62 Shooters Hill load, 

Blackheath S E 

1899 {Cowper Coles, Shcrard 1 and 2 Old Pye stieet, Westminster, 
S W 

1913 {Cox, A Hubeit King’s College, Strand, W C 

1909 {Cox, F J C Anderson avenue, Winnipeg, Canada 

1906 %Gox, 8 Herbert, Profehsor of M%ning %n the Imperial College of 

Science and Technology, 8 W 
1906 {Cox, W H Royal Observatory, Cape Town 

1912 tCraig, D D , M A , B Se , M B Ihe Univei-sity, St Andiews, 

NB 

1908 {Ciaig, James, M D 18 Meriion square Noith, Dublin 
1911 §Craig, J I Homelands, Puk avenue, Woi thing 
1884 §Craiqib, Major P G , C B , F S S (Pres I'\ 1900 , Council, 
1908- ) Bronte House, Lympstone, Devon 

1906 {Craik, Sir Hen iy, K C B , LL D , M P 6a Dean’s yard. West 
minster, S W 
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1908 *Ckambr, W , Ph D , D Sc Physiological Department, The 
University, Edinburgh 

1906 %Crampy William Redihcyrn^ Whalley road, Manchester 

1905 *Cranswick, W F P O Box 65, Bulawayo, Rhodesia 

1906 JCraven, Henry (Local Sec 1906 ) Gieenbank, West Lawn, 

Sunderland 

1905 JCrawford, Mrs A M Marchmont, Rosebank, near Cape Town 

1910 *Crawiord, O G S The Grove, East Woodhay, Newbury 

1905 {Crawford, Professor Lawrence, MA, DSc, FRSE South 

African College, Cape Town 

1871 *Crawford, William Caldwell, M A 1 Lockharton gardens, Colin 
ton road, Edinburgh 

1906 {Crawford, W C , jun 1 Lockharton gardens, Cohnton road, 

Edinburgh 

1890 §Crawshaw, Charles B Rufford Lodge, Dewsbury 
188S ♦Crawshaw, Edward, F R G S 25 Tolhngton park, N 
1885 §Creae, Captain E W,CB,RN,FRS (Pies E, 1903 , Council, 
1896-1903 ) 9 Hervey road, Blackheath, S E 
1876 ♦Crewdson, Rev Canon George Whitstead, Bai ton road. Cam 
bridge 

1887 ♦Crewdson, Theodore Spurs, Styall, Handforth, Manchester 

1911 {Crick, Geoige C , F G S British Museum (Natural History), 

SW 

1904 tCnlly, David 7 Well street^ Paisley 

1880 *Cn8p, Sir Frank, Bart ,BA,LLB,FLS,FGS 6 Lansdowne- 
road, Netting Hill, W 

1908 §Crocker, J Meadmore Albion House, Bmgley, Yorkshire 

1905 §Croft, Miss Mary Quedley, Shottermill 

1890 ♦Croft, W B , M A Winchester College, Hampshire 

1878 ♦Croke, John O’ Byrne, M A Clouncagh, Ballingarry Lacy, Co 

Limenck 

1913 §Crombie, J E Parkhill House, Dyco, Aberdeenshire 

1903 ♦Crompton, Holland Oaklyn, Cross Oak road, Berkhamsted 
1901 {Crompton, Colonel R E , C B , M Inst C E (Pres G, 1901 ) 

Kensington court, W 

1887 {Crook, Henry T , ]M Inst C E Lancaster avenue, M inchestei 
1898 ICrookb, William, B.A (Pres H, 1910 , Council, 1910- ) Lang 

ton House, Charlton Kings, Cheltenham 
1865 §Crookbs, Sir Wiliiam, O M , D Sc , Pres R S , V P C S (Prbsi 
DENT, 1898 , Pres B, 1886 , Council, 1885-91 ) 7 Kensington 
Park gardens, W 

1879 {Crookes, Lady 7 Kensington Park gardens, W 

1897 ♦Crookshank, E M , M B Saint Hill, East Grmstead, Sussex 

1909 {Crosby, Rev E H Lewis, B D 36 Rutland square, Dublin 

1906 {Crosfield, Hugh T Walden, Coombe road, Croydon 
1894 ♦Crosfield, Miss Margaret C Undercroft, Reigate 

1890 %Cro88, E Richard, LL B Harwood House, New Parks crescent, 
Scarborough 

1906 §Cross, Robert 13 Moray place, Edinburgh 

1904 ♦Crossley, a W, DSc, PhD,FRS 46 mdfield gardens, 

Hampstead, N W 

1908 {Crossley, F W 30 Molesworth street, Dublm 

1897 ♦Crosweuer, Mrs W T Kent Lodge, Sidcup, Kent 

1890 ♦Crowley, Ralph Henry, M D Sollershott W , Letchworth 

1910 {Crowther, Dr C , M A The University, Leeds 

1910 ♦Crowther, James Arnold St John’s College, Cambridge 
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L911 §Crush, S T Care of Messrs Yarrow & Co , Ltd , Sootstoun West, 
Glasgow 

1883 *CiTLVBRvvELL, Edward P , M A , Piofessor of Education m Trinity 
College, Dublin 

1883 JCulverwell, T J H Litfield House, Clifton, Bnstol 
1914 ’^Cuming, James 65 William street, Melbourne 
1914 *Cumiiig, W Fehon Hyde street Yarravillc, Viotorix 
1911 ■^Cumming, Alexander Chailes, D Sc Chemistry Department, 
University of Edinburgh 

1911 §CuMMiNS, Major H A, MD, CMG, Professor of Botany in 
University College, Coik 

1861 ♦Cunliffe, Edward Thomas The Parsonage, Handf or th, Manchester 
1861 *Cunliffe, Peter Gibson Dunedin, Handforth, Manchester 
1905 JCunningham, Miss A 2 St Paul’s road, Cambndge 
1882 *CuNNmoHAM, Lieut Colonel Allan, RE, A I C E 20 Essex 
villas, Kensington, W 

1905 JCunmngham, Andrew Earlsferry, Campground road, Mowbray, 
South Africa 

1911 JCunnmgham, E St John’s College, Cambndge 

1885 JCuNM:NGiiAM, J T,MA 63 bt Miry’s gtove Chiswick, W 
1869 JCuNNiNGHAM, ROBERT O , M D , F L S , Professor of Natural 
History in Queen’s College, Belfast 

1883. ^Cunningham, Ven W , D D , D Sc (Pres F, 1891, 1905 ) Trimly 
College, Cambridge 

1900 *Cunmngton, William A , M A , Ph D , F Z S 25 Orlando road, 
Clapham Common, S W 

1912 §Cunynghamb, Sir Henry H, KCB (Pics F, 1912) 15 Ihc 

Leas, Folkestone 

1914 i^Cunynghaine, T idy 15 The Leas, Folia stone 
1914 ^Cuidie, Mi'^s Jessie Camperdown, Victoria 

1913 JCurrall, A E Streetsbrook road, Solihull, Biimingham 

1908 tCurrclly, C T , M A , F R G S United Empire Club, 117 Picca 
drily, W 

1892 *Currie, James, M A , F R S E Larkfield, Wardie road, Edinburgh 
1905 t Currie, Dr O J Manor House, Mowbray, Capo Town 
1905 JCurrie, W P P O Box 2010, Johannesburg 
1902 JCurry, Professor M , M Inst C E 5 King’s gardens. Hove 

1912 § Curtis, Charles Field House, Cainscross, Stioud, Gloucestershire 
1907 jCusHNY, Arthur R , M D , F R S , Professor of Pharmacology in 

Umversity College, Gower street, W C 

1913 ’ Cutler, A E 5 Charlotte road, Edgbaston, Biimmgham 
1913 J Czapheka, Miss M A Somerford College, Oxford 


1910 f D iKiN, Dr W J , Professor of Biology in the University of Westoin 
Australia, Perth, Western Australia 

1914 §Dakin, Mrs Univeisity of Western Australia, Perth, Western 
^Vustralia 

1898 *Dalby, W E,MA,BSc,FRS,M Inst C E (Pres G, 1910), 
Professor of Civil and Mechanical Engineering in the City and 
Guilds of London Institute, Exhibition road, S W 
1889 *Dale, Miss Elizabeth Garth Cottage, Oxford ro8^d, Cambndge 

1906 §Dale, William, F S A , F G S The Lawn, Archer’s road, South 

ampton 

1907 JDalglibsh, Richard, J P , D L Ashfordby Place, near Melton 

Mowbray 
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1904 ♦Dai/ton, J H C , M D The Plot, Adams road, Cambridge 
1862 JDanby, T W , M a , F G S The Ciouch, Seaford, Sussex 
1906 IDamel, Miss AM 3 St John’s terrace, Weston super Mare 

1901 *Danibll, G F , B So Woodbeiry, Oakleigh Park, N 
1914 §I)anks, A T 391 Bourke street, Melbourne 

1896 §Danson, F C Tower buildings, Water street, Liverpool 

1897 JDarbishire, F V , B A , Ph D Borotheenstrasse 12, Dresden 20 

1903 jlDARBiSHiBE, Dr Otto V The University, Bristol 

1905 JDarwin, Lady Newnham Grange, Cambridge 

1904 *Darwin, Charles Gal ton Newnham Grange, Cambridge 

1899 ♦Darwin, Erasmus The Orchard, Huntingdon road, Cambridge 
1882 *Dabwin, Sii Francis, M A , MB, LL D, DSc, FRS, FLS 
(President, 1908, Pres D, 1891, Pres K, 1904, Council, 
1882-84, 1897-1901 ) 10 Madmgley road, Cambridge 

1878 *Darwin, Horace, M A , FRS The Orchard, Huntingdon road, 
Cambridge 

1894 ♦Darwin, Major Leonard, F R G S (Pres E, 1896 , Council, 
1899-1905 ) 12 Egerton place. South Kensington S W 

1910 JDauncey, Mrs Thursby Lady Stowert, Heath road, Wey bridge 

1908 %Davey, H 16 Victoria road^ Brighton 

1880 ♦Davey, Henry, M Inst C E Conaways, Ewell, Surrej 

1884 JDavid, A J , B A , LL B 4 Harcourt buildings. Temple, E C 

1914 §David, Professor 1 \\ Ldc eworiti, CMG, DSc, FRS 

The Univeraity, Sydney , N S W 

1904 JDavidge, H T , B So , Professor of Electricity in the Ordnance 
College, Woolwich 

1913 §Davidge, W R , A M Inst C F Bank House, Lewisham, S E 

1913 §Davidge, Mrs Bank House, Lewisham, S E 

1909 JDavidson, A R 150 Stradbrooke place, Winnipeg, Canada 
1912 JDavidson, Rev J The Manse, Douglas, I&lo of Man 

1912 JDavidson, John, MA, D Ph Training College, Small’s Wynd, 
Dundee 

1902 ♦Davidson, S C Seacourt, Bangor, Co Down 

1914 §Davidson, W R 15 Third i\fiiue, Hove 

1910 ♦Davie, Robert C , M A , B Se Royal Botanic Gaiden, Edinburgh 
1887 ♦Davies, H Rees Treborth, Bangor, North Wales 

1904 § Davies, Henry N , F G S St Chad’s, Weston super Mare 

1906 JDavies, S H Ryecroft, New Earswick, York 

1893 ♦Davies, Rev T Witton, B A , Ph D , D D , Professor of Semitic 
Languages m Umversity College, Bangor, North Wales 
1896 ♦Davies, Thomas Wilbeiforoe, F G S 41 Park place, Cardiff 
1870 *Davis, AS St George’s School, Roundhay, near Leeds 
1873 ♦Davis, Alfred 37 Ladbroke grove, W 

1896 ♦Davis, John Henry Grant Dolobran, Wood Gieen, Wednesbury 
1910 JDavis, Captain John King 9 Regent stiect, W 

1905 JDavis, Luther P O Box 898, Johannesburg 

1885 ♦Davis, Rev Rudolf Mornmgton, Elmbiidge road, Gloucester 
1905 {Dwy, Joseph Btjrtt, FRGS, FLS Care of Messrs Dulau 

& Co , 37 Soho square, W 

1912 tl^a'Wkms, Miss Ella Boyd FHlowfiold House, Fallowheld, Man- 
chester 

1864 JDawkins, W Boyd, DSc,FRS,FSA,FGS (Pres C, 1888 , 
Coimcil, 1882-88 ) Fallowheld House, Fallowheld, Man 
Chester 

1886 ♦Dawson, Lieut -Colonel H P , R A Hartlmgton Hall, Bumsall, 

Skipton in Craven 

1901 ♦Dawson, P The Acre, Maryhill, Glasgow 
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1905 IDawBon, Mrs The Aore, Maryhill, Glasgow 

1912 ♦Dawson, Shepherd, M A , B Sc Drumchapel, near Glasgow 

1906 §Dawson, William Clarke Whitefnargate, Hull 

1859 ♦Dawson, Captam W G Abbots Morton, near Woicester 

1900 t Deacon, M Whittington House, near Chesterheld 

1909 §Dean, George, F R G S 14 Kvelyn mansion'^, Queun’s Club 
gaidens, W 

1901 ♦Deasy, Captam H H P Cavalry Club, 127 Piccadilly, W 
1884 ♦Debenham, Frank, F S S 1 Fit7]ohn’s avenue, N W 
1914 §Debenham, Frank Cams College Cunbridgc 

1866 JDebits, Hbinrioh, PhD,FRS,FCS (Pres B, 1869 , Council, 
1870--75 ) 4 Sohlangenweg, Cassel, Hessen 

1893 ♦Deeley, R M , M Inst C E , F G S Abbeyfield, Salisbury avenue 

Harpenden, Herts 

1911 JDelahunt, C G The Municipal College, Portsmouth 

1878 JDblany, Very Rev Wir liam, LL D University College, Dubhn 

1908 *Delf, Miss E M Westfield College, Hampstead, N W 

1914 §Dolpiat, G L Equitable building, Collins sir c et Melbourne 

1907 XDe Ltsle, Mrs Edwin Charnwood Lodge, Coalville, Leicestershire 
1896 tDempster, John Tynron, Noetorum, Birkenhead 

1902 *Deisdy, \rthuk, D Sc k R S , F L S (Pies D 1914 , Couii 

cil, 1912- ), Profes^^oi ot /oology in King’s College , 

London, W C 

1914 §Dendy, Miss Vale I odge, H inipstc ad, N W 

1913 ♦Denman, Thomas Hercy 17 Churchgate, Retford, Nottingham 

shire 

1908 fDennehy W Jb 23 Lccson park, Dublm 

1889 Alfrfd, M fee , FLS Brohssoi of Zoology iii the 

Univeisity of Shelfield Cliflsido, Ranmoor cicbccnt, Shot 
field 

1914 §Denny, Mrs Clittside, Rannioor crescent, Shofhcld 

1909 §Dent Edward M A 2 Carlos place W 

1874 *Derham Walter M A LL M, F G fe Junior Carlton Club 
Pall Mall SW 

1907 ♦Desch, Cecil H , D So , Ph D 3 Kelvinside terrace North, Glasgow 

1908 JDespard, Miss Kathleen M 6 Sutton Court mansions. Grove Park- 

terrace, Chiswick, W 

1894 ♦Deverell, F H 7 Grote’s place, Blackheath, ^ E 

1868 ♦Dewar, Sir James, M A , LL D,DSc,PRS,FRSE,VPCS, 
Fullerian Professor of Chemistry in the Royal Institution, 
Ijondon, and Jacksoman Professor of Natuial and Expen 
mental Philosophy in the University of Cambridge (Presi 
DENT, 1902 , Pres B, 1879 , Council, 1883-88 ) 1 Scroope- 

terrace, Cambridge 

1881 JDewar, Lady 1 Scroope terrace, Cambndge 
1884 ♦Dewar, William, M A Horton House, Rugby 
1914 §Dickinsoii, Miss Desiree Menzics’ Hott 1 Meiboiiiiic 
1908 §Dicks, Henry Haslecourt, Horsell, Woking 
1904 tDickson, Right Hon Charles Scott, K C , LL D , M P Cailton 
Club, Pall Mall, S W 

1881 JDiokson, Edmund, M A , F G S Claughton House, Garstang, 
R S O , Lancashire 

1887 §Dickson, H N , D Sc , F R S E , F R G S (Pies E, 1913), Pio 
fessor of Geography iii University College, Reading IbO 
Castle hill, Readmg 

1902 §Dickson, James D Hamilton, M A , F R S E 6 Cranmer road 
Cambndge 
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1913 *Diokson, T W 60 Jeffrey’s road, Clapham, S W 
1877 JDillon, James, M Inst C E 36 Dawson street, Dublin 
1908 {Dines, J S Pyrton Hill, Watlmgton 

1901 §Dines, W H , B A , F K S Beti'^.on, \\ illingfoid, Berks 

1905 §Dixey, F A,MA,MD,FRS (Council, 1913^ J Wadham 

College, Oxford 

1899 ♦Dixon, A C , D Sc , F R S , Professor of Mathematics in Queen’s 

University, Belfast Hurstwood, Malone Park, Belfast 
1874 ♦Dixon, A E , M D , Professor of Chemistry in Univ ersiiy College, 
Cork 

1900 {Dixon, A Francis, Sc D , Professor of Anatomy in the Umversity 

of Dublin 

1905- {Dixon, Miss E K Fern Bank, St Bees, Cumberland 
1908 {Dixon, Edward K , M E , M Inst C E Castlebar, Co Mayo 
1888 {Dixon, Edward T Racketts, Hythe, Hampshire 
1908 ♦Dixon, Ernest, B Sc , F G S The Museum, Jermyn street, S W 

1900 ♦Dixon, Lieut Colonel George, M A Fern Bank, St Bees, Cumber 

land 

1879 ♦Dixon, Harold B,MA,FRS,FCS (Pres B, 1894 , Council 
1913- ), Professor of Chemistry in the Victoria Umversity, 

Manchester 

1914 §Dixon, Mrs U B , Beechey House, Wilbiaham-road, Fallowfield, 

Man chest ci 

1902 {Dixon, Henry H , D Sc , F R S , Professor of Botany m the 

University of Dublin Clevedon, Temple road, Dublin 

1913 JDixon, S M , M A , M Inst C E , Piofc ssor of Civil Enginceiing m 

the Imperial College of Science and Technology, London, 
S W 

1908 ♦Dixon, Walter, F R M S Derwent, SOKelvinside gaidens, Glasgow 

1907 ♦Dixon, Professor Waiifr E , FK S llie Museums, Cambridge 

1914 §Dixon, Mi^ \\ K dlic Cbovc \Mi it tli sfoid, Cambridge 
1902 %Dixon, W V Scotch Quarter, Carncicfergus 

1896 § Dixon Nuttall, F R Ingleholme, Eccleston Paik, Prescot 
1890 {Dobbie, Sir James J , D be , LL D , F R S , Principal of the 
Government Laboratoiies, 13 Clement’s Inn passage, W C 
1885 §Dobbin, Leonard, Ph D The University, Edinburgh 
1860 *Dobbs, Archibald Edwaid, M A , J P , D L Castle Dobbs, 
Cariickfeigus, Co Antrim 

1902 {Dobbs, F W , M A Eton College, Windsor 

1914 ^Docker, His llonoui Judge E B MA Mostyn, hji/ ib(.th B ly, 
Sydney, NSW 

1908 {Dodd, Hon Mr Justice 26 Fitzwilliam square, Dubhn 
1876 {Dodds, J M St Peter’s College, Cambridge 

1912 §Don, A W R The Lodge, Brought y Feiiy, Forfarshire 
1912 {Don, Alexander, M A , F R C S Paik House, Netheigate, Dundee 
1912 {Don, Robert Bogle, M A The Lodge, Bioughty Feriy, Foifai 
shire 

1904 {Doncaster, Leonard, M A Museum of Zoology, Cambridge 
1896 {Donnan, F E Ardenmore terrace. Holy wood, Ireland 

1901 {Donnan, F G,MA,PhD,FRS, Professor of Chemistry in 

University College, Gower street, W C 

1906 §Dornan, Rev S S PC Box 610, Bulawayo, South Rhodesia, 

South Africa 

1863 ♦Doughty, Charles Montagu 26 Grange road, Eastbourne 

1909 {Douglas, A J , M D City Health Department, Wmnipeg, Canada 
1909 ♦Douglas, James 99 John street. New York, USA 

1912. {Doune, Lord Kinfauns Castle, Perth 
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1903 %Dow, Mias Agnes R 81 Parh mansions, KnigJiishndge, 8 W 
1884 *Dowling, D J Sycamore, Clive avenue, Hastings 

1865 *Dowson, E Theodore, F R M S Geldeston, near Beccles, Suffolk 
1881 *Dowson, J Emerson, M Inst C E Landhurst Wood, Hartfield, 
Sussex 

1913 JDraQopoli, J N Pollard’s Wood Grange, Chalfont St Giles, 

Buckinghamshire 

1892 *Dreghorn, David, J P Greenwood, Pollokshields, Glasgow 

1012 §Drcver, IVJ A , B Sc 10 Morningside giove Edinburgh 

1905 JDrew, H W , M B , M R C S Mooollup Castle, Ballyduff, S O , 

Co Waterford 

1906 *Drew, Joseph Webster, M A , LL AI Hatherley Court, Cheltenham 

1906 *Drew, Mrs Hatherley Court, Cheltenham 

1908 J Droop, J P 11 Cleveland gardens, Hyde Park, W 

1893 §Druoe, G Claridqb, MA,PLS (Local Sec 1894 ) Yardley 

Lodge, 9 Crick road, Oxford 

1909 *Drugman, Julien, Ph D , M Sc 117 Rue Gachaid, Brussels 

1907 J Drysdalo, Charles V , D Sc Queen Anne’s chambers, S W 

1892 +Du Bois, Professor Dr H Herwarthstrasse 4, Berlin, N W 

1856 *Ducie, The Right Hon Henry John Reynolds Moreton Earl 
of, GCVO,FRS,FGS 16 Portman square, W 
1870 {Duckworth, Henry, F L S , F G S 7 Grey Friars, Chester 
1900 *Duckworth, W L H , M D , Sc D Jesus College, Cambridge 
1895 *Duddel], William, F R S 47 Hans place, S W 

1914 §DufT, Frank Gee 31 Queeii '=«tieot Molboiiino 

1914 ^Duflield D W liter 13 Cowri chamb^'r^', Grenfell street Ade 
laide, South Australii 

1912 §Dufiield, Francis A , MB Ilolmleigh, Manor road, Sutton 

Coldfield 

1904 *Dufiii?li) ]^iof( >or W Gfoiirey, D Sc University College, 

Reading 

1890 {Dufton, S F Trinity College, Cambridge 

1899 *Dugdale Bradley, J W , M Inst C E Westminster City Hall, 
Charing Cross road, W C 

1911 {Dummer, John 85 Cottage gio\e, Southsea 

1909 {Duncan, D M , M A 83 Spence stieet, Winnipeg, Canada 

1913 §Dunlop, Dr Andrew Belgrave House, St Helior, Jersey 

1910 {Dunn, Rev J Road Hill Vicarage, Bath 

1876 {Dunnafhie, James 48 West Regent street, Glasgow 

1884 §Dunnington, Professor F P University of Virgima^ Charlottes 

ville, Virginia, USA 

1893 *Dunstan, M J R , Principal of the South Eastern Agricultural 

College, Wye, Kent 

1891 {Dunstan, Mrs South Eastern Agricultural College, Wye, Kent 

1885 *Di7Nstan, Wyndham R, CMG, MA, LLD, FRS, FCS 

(Pres B, 190b, Council, 1905-08), Director of the Impel lal 
Institute, S W 

1911 {Dupree, Colonel Sii W T Cianeswater, Southsea 

1913 ^Durie, William Sunnyside, Beech wood avenue, Finchley, N 

1914 ijDu 9 ’oit a L , D Sc So ith Afix<^ \n Museum Cape Town 
1914 i^Du Toit Mrs South Xfric in Museum Cxpc Town 

1905 §Dutton, C L O’Bnon High Commissioner’s Office, Pretoria 

1910 {Dutton, F V , B Sc County Agricultural Laboratories, Rich 

mond road, Exeter 

1895 *Dwbrryhouse, Arthur R , D Sc , F G S Deraness, Deramoio 
Park, Belfast 

1911 {Dye, Charles Woodcrofts, London road, Portsmouth 
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1886 ♦Dyer, Henry, M A , D Sc , LL D 8 Highburgh terrace, Dowanhill, 
Glasgow 

1896 SDymond, Thomas S , F C S Savile Club, Piccadilly, W 
1905 ♦Dyson, Sir F W , M A , F R S (Council, 1905-11 1914- ), 
\stionomer Royal, Royal Observatory, Greenwich, S E 
1910 JDyson, W H Maltby Colhery, near Rotherham, Yorkshire 


1912 (Earland, Arthur, F R M S 34 Granville-road, Watford 

1899 {East, W H Municipal School of Art, Science, and Technology, 
Dover 

1909 *Easterbrook, 0 C , M A , M D Crichton Royal Institution, 
Dumfries 

1893 *Ebbs, Alfred B Northumberland alley, Fenchurch street, E C 

1906 ♦Ebbs, Mrs A B Tuborg, Plaistow lane, Bromley, Kent 
1909 {Eccles, J R Gresham’s School, Holt, Norfolk 

1903 *Ecclbs, W H , D So 26 Ridgmount gardens, Gower street, W C 

1908 ♦Eddington, A S,MA,MSc,FRS, Plumian Professor of Astro 

nomy and Experimental Philosophy in the University of 
Cambridge Trinity College, Cambridge 
1870 *Eddison, John Edwin, M D , M R C S The Lodge, Adel, Leeds 
1868 *Eddy, James Ray, F G S The Grange, Carleton, Skipton 
1011 *Edc!:e S F Gallop«^ Homestead, Ditchling Sussex 
1911 *Edgell, Miss Beatrice Bedford College, Baker street, W 
1884 *Edgell, Rev R Arnold, M A Beokley Rectory, East Sussex 

1887 §Edgeworth, F Y,MA,DCL,FSS (Pres F, 1889 , Council, 

1879-86, 1891-98), Professor of Political Economy in the 
Umversity of Oxford All Souls College, Oxford 
1870 ♦Edmonds, F B 6 Clement’s Inn, W C 
1883 {Edmonds, Wilham Wiscombe Park, Colyton, Devon 

1888 *Edmunds, Henry Moulsc combe place, Brighton 

1901 *Et)riboe Green, F W,MD,FRCS 99 Walm lane, Willesden 
Gieen, N W 

1914 §Edwards, A F Chemical Department, The University, Man 
Chester 

1899 §Edwards, E J Assoc M Inst CE 13 Aci is street, Wandsworth 
Common, S \\ 

1913 §Edwards, E J Royal Technical College, Glasgow 

1903 {Edwards, Mrs Emily Norley Grange, 73 Leyland road. South 
port 

1903 {Edwards, Francis Norley Grange, 73 Leyland road, Southport 

1903 {Edwards, Miss Manon K Norley Grange, 73 Leyland road, 

Southport 

1901 {Eggar, W D Eton College, Wmdsor 

1909 iEggertson, Ami 120 Emily street, Winnipeg, Canada 

1909 §Ehrenborg, G B 63 Fairfield building, Vancouver, B C , Canada 

1907 *Elderton, W Palm 74 Mount Nod-ro^, Streatham, S W 
1890 {Elford, Percy 116 Woodstock road, Oxford 

1913 {Elkmgton, Herbert F Clunes, Wentworth road, Sutton Cold 
held 

1901 *Elles, Miss Gertrude L , D Sc Newnham College, Cambridge 

1904 {Elhot, Miss Agnes I M Newnham (college, Cambndge 
1904 {Elhot, R H Chfton Park, Kelso, N B 

1906 {Elhott, C C , M D Church square. Cape Town 
1883 ♦Eluott, Edwin Bailey, MA, FRS, FRAS, Waynflete 
Professor of Pure Mathematics m the Umversity of Oxford 
4 Bardwell-road, Oxford 
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1912 
1906 
1875 
1906 

1913 

1880 

1801 

1906 

1910 

1911 
1884 
1905 
1894 

1914 
1862 


1887 

1887 

1911 

1897 

1889 

1905 

1870 

1908 

1887 

1013 

1910 

1885 

1905 

1905 

1910 

1865 

1909 

1903 

1002 

1883 

1881 

1874 

1913 

1913 

1876 


Elliott, John Fogg Elvet Hill, Dorham 
§Elliott, DrWT,FZS 21 Bennett’s hill, Birmingham 
♦Ellis, David, D So , Ph D Royal Technical College, Glasgow 
♦Ellis HD 12 Gloucester terrace, Hyde Park, W 
§KTtJS, Herbert The GjnsilH, Groby road, T eioester 
lElli^, Herbert Willoughby, A M Inst 0 E Holly Hill, Berkswell, 
Warwickshire 

*Elhs, John Henry {Local Sec 1883 ) 10 The Crescent, Plymouth 

§EJlis, Miss M A Care of Miss Rice, 11 Canterbury road, Oxford 
JElmhirst, Charles E (Local Sec 1906 ) 29 Mount vale, York 
+Elmhirst, Richard Marine Biological Station, Millport 
..Elwes, H J , F R S Colesbome Park, near Cheltenham 
t Emery, Albert H Stamford Connecticut, USA 
.:Epp«*, Mrs Dunhuibt Petersfield, Hampshire 
.:Erskine Murray, J,DSo,FRSE 4 Great Winchester street, 
EC 

§Crson, Dr E O liCgei 123 CoUms street, Melbourne 
♦Esson, William, MA, FRS, FRAS, Savilian Professor of 
Geometry in the University of Oxford 13 Bradmore road, 
Oxford 

♦Estcourt, Charles, F I C 5 Seymour grove. Old Trafford, Man 
Chester 

♦Estcourt, P A,FCS,PIC 5 Seymour grove. Old Trafford, 
Manchester 

JEtiierton, G Hammond (Local Sec 1911 ) Town Hall, Poits 
mouth 

♦Evans, Lady Care of Union of London and Smith’s Bank, 
Berkhamstod, Herts 

♦Evans, A H , M A 9 Harvey road, Cambridge 
JEvans, Mrs AH 9 Harvey road, Cambridge 
♦Evans, Sir Arthur John, M A , LL D , F R S , F S A (Pres H, 
1896 ) Youlbury, Abingdon 

JEvans, Rev Henry, D D , Commissioner of National Education, 
Ireland Blackrock, Co Dublin 
♦Evans, Mrs Isabel Hoghton Hall, Hoghton, near Preston 
§Evans, J Jameson 41 Newh dl street, Birmingham 
♦Evans, John W , D Sc , LL B , F G S 75 Craven Park road, 
Harlesdcn, N W 

♦Evans, Percy Bagnall The Spring, Kenilworth 

JEvans, R O LI Broom Hall, Chwilog, R S O , Carnarvonshire 

JEvans, T H 9 Harvey road, Cambridge 

JEvans, T J The University, Sheffield 

♦Evans, William The Spring, Kenilworth 

JEvans, W Sanford, M A (Local Sec 1909 ) 43 Edmonton 
street, Winnipeg 

%Evatt, E J , M B 8 Kyveilog street Cardiff 
♦Everett, Percy W Oaklands, Elstree, Hertfordshire 
JEves, Miss Florence Uxbridge 

JEwart, j Cossar, M D , FRS (Pres D, 1901), Professor of 
Natural History in the University of Edinburgh 
JEwart, Sir W Quartus, Bart (Local Sec 1874 ) Glenmachan, 
Belfast 

♦Ewen, j T 104 King’s gate, Aberdeen 
♦Ewen, Mrs J T 104 King’s gate, Aberdeen 
♦Ewing, Sir James Alfred, K C B , M A , LL D,PRS,FRSE, 
M Inst C E (Pres G, 1906), Director of Naval Education, 
Admiralty, S W Froghole, Edenbndge, Kent 
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1914 §Ewinff, Mrs Peter The Frond, Uddingston, GlasgoA\ 

1884 ♦Eyerman, John, F Z S Oakhurat, Eciston, Pennsylvania, 
USA 

1912 §Eyrb, Dr J Vargas South Eastern Agricultural College, Wye, 
Kent 

Eyton, Charles Hendred House, Abingdon 


1906 ♦Faber, George D 14 Grosvenor square, W 

1901 ♦Fairgrieve, M McCallum 37 Queen’s crescent, Edinburgh 
1865 *Fairlby, Thomas, FRSE,FCS 8 Newton grove, Leeds 

1910 t^’alconer, J D The Limes, Little Berkhamsted, Hertford 

1908 JFalconer, Robert A , M A 44 Mernon squaie, Dubhn 

1896 §Falk, Herman John, M A Thorshill, West Kirby, Cheshire 

1902 §Fallaize, E N , B A Vmchelez, Chase Court gardens, Windmill 

hiU, Enfield 

1907 *Fantham, H B , D Sc , B A 100 Mavvson road, Cambridge 

1902 JFaren, William 11 Mount Charles Belfast 

1892 *Farmer, j Brftla^d, MA, FRS, FLS (Pres K, 1907, 
Council, 1912-14 ) South Paik, Gerrard’s Cross 

1897 ♦Famworth, Mrs Ernest Broadlands, Goldthorn Hill, Wolver 

hampton 

1904 JFamworth, Miss Olive Broadlands, Goldthorn Hill, Wolver 

hampton 

1885 *Farquharson, Mrs RFC Tillydrine, Kincardine O'Neil, N B 

1905 JFarrar, Edward P O Box 1242, Johannesburg 

1913 ^Farrow, F D Rhodes Univer'^ity College Grahamstowm, 
South Africa 

1903 §Faulkner, Joseph M 17 Great Ducie street, Strangeways, Man 

Chester 

1913 ^Fawcett, C B Uni\ersity College Southampton 

1890 *Fawcett, F B 1 Rockleazc avenue, Sneyd Park, Bristol 

1906 §Fawcett, Henry Hargrcave Thorncombe, near Chard, Somerset 

1900 IFawcftt, j E , 7 P (Local Sec 1900 ) Low Royd, Apperley 

Bridge, Bradford 

1902 ♦Fawsitt, C E , Ph D , Professor of Chemistry in the University of 
Sydney, New South Wales 

1911 *Fay, Mrs A Q Chedworth Rustat road, Cambridge 

1909 *Fay, Charles Ryle, M A Chnst’s College, Cambridge 

1906 *Fearn8ides Edwin G , M A , M B B Sc London Hospital, E 

1901 ♦Fearnsides, W G , M A , F G S Sorby Professor of Geology 

in the University of Sheffield 10 Silver Birch avenue, 
Fulwood, Sheffield 

1910 *Feamsides, Mrs 10 SiHer Birch avenue, Fulwood, Sheffield 

1905 Colonel H W,CB,FRGS,FGS Burwash, Sussex 

1900 ♦Fennell, William John Deramore Drive, Belfast 

1904 {Fenton, H J H,MA,FRS 19 Brookside, Cambridge 

1914 §P’erguson, E R Gordon <^treet P^ootscriy, Victoria 

1871 ♦Ferguson, John, M A , LL D,FRSE,FSA,FCS, Professor 
of Chemistry in the University of Glasgow 

1901 {Ferguson, R W 16 Linden road. Bourn ville, near Birmingham 
1863 ♦Femie John Box No 2, Hutchinson, Kansas, USA 

1910 ♦Ferranti, S Z de, M Inst C E Gnndleford, near Sheffield 

1905 *Fbrrar, H T , M a , F G S Geological Survey of Egypt, Giza, 

Egypt 

1914 §Fcrrar, Mis Geological Survey of Egypt, Giza, Egypt 
1873 {Fbrbibb, Sir David, M A , M D , LL D , F R S 34 Cavendish* 
square, W 
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1909 jiFetherstonhaugh, Professor Edward BSo, 119 Betourney 
street, Winnipeg, Canada 

1882 §Fewing8, James, B A , B So King Edward VI Grammar School, 
Southampton 

1913 §Field, Miss E E Hollywood, Egham Hill, Surrey 
1897 tKield, George Wilton, Ph D Room 168, State House, Boston, 
Massaohusetts, USA 

1907 *Pields, Professor J 0 , P R S The University, Toronto, Canada 
1906 §FiiiON, L N G,DSc,PRS, Professor of Applied Mathematics 

m the University of London Lynton, Haling Park road, 
Croydon 

1905 JFinoham, G H Hopewell, Invami, Cape Colony 

1905 §Findlay, Alexandei, MA, PhD, D So , Professoi of Chemist ly 

in University College, Aberystwyth 

1904 *Findlay, J J , Ph D , Professor of Education in the Victori i 
Umversity, Manchester Ruperra, Victoria Paik, Manchester 

1912 §Fmlayson, Daniel, F L S Seed Testing Laboratory, Wood Green, N 
1902 JiFinnegan, J , M A , B So Kelvin House, Botanic avenue , 

Belfast 

1902 JFisher, J R Cranfield, FortwiUiam Park, Belfast 

1909 J Fisher, James, K C 216 Portage avenue, Winnipeg, Canada 
1875 ♦Fisher, W W,MA,FCS 6 St Margaret’s road, Oxford 

1887 *Fison, Alfred H , D So 47 Dartmouth road, Willesden Green, 

N W 

1871 *Fison, Sir Frederick W, Exit, MA, FCS Boaizell, Hurst 
Green, Sussex 

1885 *Fitzgbrald, Professor Maurice, B A (Local Sec 1902 ) Fan 
holme, Monkstown, Co Dublin 

1894 iFiTZMAURiCB, Sir Maurice, C M G , M Inst C E London County 
Council, Spring gardens, S W 

1888 ♦Fitzpatrick, Rev Tiiom is C , President of Queens’ College, 

Cambridge 

1904 JFlather, J H , M A Camden House, 90 Hills road, Cambridge 

1904 {Fleming, James 25 Kelvmside terrace South, Glasgow 

1913 §Flcming, Professoi J 4 , D Sc , FIIS Univei’sity C^jllcgo 

f^lowei sticct, \\ C 

1892 fFlt teller, Ccoigc FGS Mom, Sh itikhill, Co Dublin 

1888 *FrEiciiER, Lazarus, MA,PhD,FRS, FGS, PCS (Pres C, 

1894), Director of the Natural History Museum, Ciomwell 
road, S W 35 WoodviUe gardens, Ealing, W 

1908 ♦Fletehei, W H B Aid wick Manor, Bognor, Sussex 

1901 {Flett, J S,MA,DSc,FRS,FRSE Geological Suivey 
Office, 33 Geo ige -square, Edinburgh 

1906 ♦Fleur? , H J , D So , Professor of Zoology and Geology in Uni 

versity College, Aberystwyth 

1905 *Fhnt, Rev W , D D Houses of Parliament, Cape Town 

1913 ♦Florence, P Sargant, B A Cams College, Cambridge 

1889 {Flower, Lady 26 Stanhojie gardens, S W 

1890 ♦Flux, A W, MA Board of Trade, Gwydyr House, White- 

hall, S W 

1877 {Foale, Wilham The Croft, Madeira Park, Tunbndge Wells 

1903 {Foord Kelcey, W , Professor of Mathematics in the Royal Military 

Academy, Woolwich The Shrubbery, Shooter’s Hill, S E 
1911 {Foran, Charles 72 Elm grove, Southsea 

1906 §Forbes, Charles Mansfeldt 14 New street, York 

1914 §Forbes, E J P O Box 1604, Sydney, N S W 
1914 §borbes, Mrs E J PO Box 1604, Svdney, N S \\ 

1914 o 
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1873 ♦Fobbbs, Gsobqb, MA, PRS, PRSE, M Inst 0 E 11 Little 
Collage street, Westminster, S W 

1883 JFobbbs, Henby O , LL D , F Z S , Redcliffe, Beaconsficld, 
Bucks 

1905 iFoBBBS, Major W Lachlan Army and Navy Club, Pall Mall, 
S W 

1875 *Fobdham, Sir George Odsey, Ash well, Baldock, Herts 
1909 tFoBQBT, The Hon A E Regina, Saskatchewan, Canada 
1887 JForbest, The Right Hon Sir John, GCMG, FRGS,FGS 
Perth, Western Austraba 

1902 *Forster, M O , Ph D , D Sc , F R S 84 Cornwall gardens, S W 
1883 JFobsyth, Professor A R,MA,DSo,FRS (Pres A, 1897, 1905 , 

Council, 1907-09 ) The Manor House, Marylebone, N W 
1911 JFoster, F G Ivydale, London road, Portsmouth 
1857 *Fostbr, Gbobgb Cabby, BA, LLD,DSo,FRS (General 
Treasttreb, 1898-1904 , Pres A, 1877 , Council, 1871-76, 
• 1877-82 ) Ladywalk, Rickmansworth 

1014 §Foster Colonel H J, RE Tlu University, Svdnev, NSW 

1908 * Foster, John Arnold 11 Hills place, Oxford Circus, W 

1901 JFoster, T Gregory, Ph D , Provost of University College, London 
University College, Gower-stieet, W C 
1911 JFoster, Sii T Scott, J P Town Hall, Portsmouth 

1911 JFoster, Lady Scott Biaemar, St Helen’s parade, Southsea 

1903 JFourcade, H G P O , Storms River, Humansdorp, Cape 

Colony 

1905 §Fowlds, Hiram 65 Devonshire street, Keighley, Yorkshire 

1909 §Fowlds, Mrs 65 Devonshire street, Keighley, Yorkshire 

1912 JFowIer, A , F R S , Assistant Professoi of Physics in the Im penal 

College of Science and Technology, S W 19 Rusthall avenue, 
Bedford Park, W 

1883 ♦Fox, Charles The Pynes, Warhngham on the Hill, Surrey 
1883 JFox, Sir Charles Douglas, M I^t C E (Pres G, 1896 ) Cross 
Keys House, 56 Moorgate street, E C 

1904 *Fox, Charles J J , B So , Ph D , Professor of Chemistry m the 

Presidency College of Science, Poona, India 

1904 §Fox, F Douglas, M A , M Inst C E 19 The Square, Ken 

sington, W 

1905 JFox, Mrs F Douglas 19 The Square, Kensington, W 
1883 JFox, Howard, F G S Rosehill, Falmouth 

1900 *Fox, Thomas Old Way House, Welhngton, Somerset 

1909 *Fox, Wilson Lloyd Cannmo, Falmouth 

1908, §Foxley, Miss Barbara, M A 6 Norton Way North, Letchworth 
1881 ♦Foxwell, Herbert S , M A , F S S (Council, 1894-97), Professor 
of Pohtical Economy m University College, London St 
John’s College, Cambridge 

1907 JFraine, Miss Ethel de, D Sc , FLS Westfield College, Hamp 
stead, N W 

1887 *Frankland, Percy F , Ph D , B So , F R S (Pres B, 1901), Pro 
fessor of Chemistry in the Umversity of Birmingham 

1913 §Franklin, Cyril H H 38 Croydon road, Croydon, Sydney, 

NSW 

1910 *Franklin, George, Litt D Tapton Hall, Sheffield 

1911 JFbasbr, Dr A Mearns (Local Sec 1911) Town Hall, Ports 

mouth 

1911 JFraser, Mrs A Meams Cheyne Lodge, St Ronan’s road, Ports- 
mouth 

1895 JFraser, Alexander 63 Church-street, Inverness 
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1871 JFrasbb, Sir Thomas R, MD, FRS, FRSE, Professor of 

Materia Medica and Chmcal Medicine in the University of 
Edinburgh 13 Drumsheugh gardens, Edinburgh 

1911 §Freeman, Oliver, B Sc The Municipal College, Portsmouth 
1906 §Frenoh, Fleet Surgeon A M Langley, Beaufort road, Kingston 

• on Thames 

1909 ^French, Mrs Harriet A Suite E, Gline’s block, Portage avenue, 

Winnipeg, Canada 

1912 §French, Mrs Harvey Hambledon Lodge, Childe Okeford, 

Blandford 

1905 JFrench, Sir Somerset R , K C M O 100 Victoria street, S W 

1886 JFrbshfibld, Dottolas W , F R G S (Pres E, 1904 ) 1 Airlie 

gardens, Campden Hill, W 

1887 ♦Fries, Harold H , Ph D 92 Reade street. New York, USA 

1906 {Fritsch, Dr F E 77 Chatsworth road Brondesbury, N W 
1912 §Frodsham, Miss Margaret, B Sc The College School, 34 Cathe 

dral road, Cardiff 

1892 *Frost, Edmund, M D Chesterfield road, Eastbourne 

1882 §Frost, Edward P , J P West Wratting Hall, Cambridgeshire 

1911 {Frost, M E P H M Dockyard, Portsmouth 
1887 *Frost, Robert, B So 65 Kensington court, W 

1898 {Fry, The Right Hon Sir Edward, G C B , D C L , LL D , F R S , 
F S A Failand House, Failand, near Bristol 
1908 {Fry, M W J , M A 39 Trinity College, Dublin 

1905 ♦Fry, Wilham, J P , F R G S Wilton House, Merrion road, Dublin 

1898 {Fryer, Alfred C , Ph D 13 Eaton crescent, Clifton, Bnstol 

1872 ♦Fuller, Rev A 7 Sydenham hill, Sydenham, S E 

1912 §Fulton, Angus R , B Sc Univoisity College, Dundee 

1913 ♦Fyson, Philip Furloy, B A , F L S Elm ley Lo\ott, Droitwich 

1910 {Gadow, H F , Ph D , F R S (Pres D , 1913) Zoological Labora 

tory, Cambridge 

1863 ♦Gainsford, W D Skendleby Hall, Spilsby 

1906 {Gajjar, Professor T K , M A , B Sc Techno Chemical Laboratory, 

near Girgaum Tram Terminus, Bombay 

1886 ♦Gallaway, Alexander Dirgarve, Al^rfeldy, N B 
1875 {Galloway, W Cardiff 

1887 ♦Galloway, W J The Cottage, Seymour grove. Old Trafford, 

Manchester 

1905 {Galpin, Ernest E Bank of Africa, Queenstown, Cape of Good Hope 
1913 §Gamblb, F W , D Sc , F R S (Local Sec , 1913), Professor of 
Zoology and Comparative Anatomy in the University of 
Birmingham 38 Frederick-road, Edgbaston, Birmingham 

1888 ♦Gamble, J Sykes, CIE, MA, FRS, FLS Highfield, East 

Liss, Hants 

1911 {Garbett, Rev C F , M A The Vicarage, Fratton road, Poits 

mouth 

1899 ♦Garcke, E Ditton House, near Maidenhead 

1898 {Garde, Rev C L Skenfnth Vicarage, near Monmouth 

1911 {Gardiner, C I,MA,FGS 6 Paragon parade, Cheltenham 

1912 §Gardmer, F A , F L S Inversnaid, West Heath avenue, N W 
1905 {Gardiner, J H 69 Wroughton road, Balham, S W 

1900 {Gardiner, J Stanley, M A , FRS, Professor of Zoology and 

Comparative Anatomy in the University of Cambridge 
Zoological Laboratory, Cambridge 

1887 {Gardiner, Walter, M A , D So , F R S St Awdreys, Hills* 
road, Cambridge 
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1882 ’^‘Gardner, H Dent, FBGS Fairmead, 46 The Gofis» East 
bourne 

1012 *Gardner, Willoughby, F L S Y Berlfa, Deganwy, North 
Wales 

1912 §Garfitt, G A Gartledge Hall, Holmesfield, near Sheffield 

1913 *Garnett, Principal J C Maxwell, M A (Local Secretary, 

1915 ) Westfield, Victoria Park, Manchester 
1905 JGamett, Mrs Maxwell, F Z S Westfield, Victoria Park, Man- 
chester 

1887 *Gamett, Jeremiah The Grange, Bromley Gross, near Bolton, 
Lancashire 

1882 ^Garnett, William, D 0 L London County Council, Victona Em- 

bankment, W C 

1883 JGabson, J G , M D (Assist Gen Seo 1902-04 ) Moorcote, 

Eversley, Winchfield 

1903 IGarstang, AH 82 Forest road, Southport 
1903 •♦Garstang, T James, M A Bedales School, Petersfield, Hamp 
shire 

1894 *GARSTANa, Walter, MA, DSc, FZS, Professor of Zoology 
in the Umversity of Leeds 

1874 ♦Garstin, John Ribton, M A , LL B, MBIA, FSA Bragans 
town, Castlebelhngham, Ireland 

1889 JGarwood, E J,MA,FRS,FGS (Pres C, 1913), Professor of 
Geology in the University of London University College, 
Gower street, W C 

1905 JGaskell, Miss C J The Uplands, Great Shelford, Cambndge 

1905 JGaskell, Miss M A The Upland^ Great Shelford, Cambndge 

1906 {Gaster, Leon 32 Victona street, S W 

1913 §Gates, R R , Ph D , F L S 14 Well walk, Hampstead, N W 

1911 JGates, W ‘ Evening News * Office, Portsmouth. 

1912 §GaMn W , M A The Farms Offices, Blenheim Park, Woodstock 
1905 ’‘‘Gearon, Miss Susan 55 Buckleigh road, Streatham Common, 

SW 

1885 JGbddes, Professor Patrick 14 Ramsay gardens, Edmburgh 
1867 JGeikib, Sir Archibald, OM, KCB, LLD, DSc, FRS, 
F R S E , F G S (President, 1892 , Pres C, 1867, 1871, 
1899 , Council, 1888-1891 ) Shepherd’s Down, Haslemere, 
Surrey 

1913 §Geldart, Miss Alice M 2 Cotman road, Norwich 

1898 *Gbmmill, James F , M A , M D 12 Anne street, Hillhead, 

Glasgow 

1882 *Gbnbsb, R W , M a , Professor of Mathematics in University 
College, Aberystwyth 

1905 ^Gentleman, Miss A A 9 Abercromby place, Stirling 

1912 ♦George, H Trevelyan, MA, MRCS, LRCP 33 Ampthill 

square, N W 

1902 *Gepp, Antony, M A , F L S Bntish Museum (Natural History), 
Cromwell road S W 

1899 ♦Gepp, Mrs A British Museum (Natural History), Cromwell road, 

SW 

1913 §Gerich, Miss Emma A P Care of The Manager, Bank of 

Australasia, Sydney, Australia 

1884 ♦Gerrans, Henry T , M A 20 St John street, Oxford 

1909 IGibbons, W M , M a (Local Sec 1910 ) The University, Shef- 
field. 

1905, i^Gibbs, Miss Lilian S , F L S 22 South street, Thurloe square, 

S W 
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1912 jGibson, A H , D So , Professor of Engineering m University 
College, Dundee 

1914 §Gibaon, A J , Ph D Centi il Sugar Milla, Bri'^bine, Austriha 
1912 {Gibson, G E , Ph D , B Sc 16 Woodhall terrace, Juniper Green 

1901 {Gibson, Professor George A , M A 10 The University, Glasgow 

1904 ’^Gibson, Mrs Margaret D , LL D Castle Brae, Chesterton lane, 

Cainbndge 

1912 *Gibson, Miss Mary H , M A , Ph D 75 Colum road Cardiff 

1896 {Gibson, R J Habvby, M A , P R S E , Professor of Botany in the 

University of Liverpool 

1889 *Gibson, T G Lesbury House, Lesbury, R S O , Northumbei 
land 

1893 {Gibson, Walcot F G S 28 Jennyn street, S W 
1898 ♦Giflford, J Wilham Oaklands, Chard 

1883 {Gilbert, Lady Park View, Engleheld Green, Surrey 

1884 *Gilbert, Phihp H 63 Tupper street, Montreal, Canada 

1895 {Gilchbisp, J D F,MA,PhD,BSo,FLS Marine Biologist’s 

Office, Department of Agriculture, Cape Town 

1896 ♦Gilohbist, Pbboy C , F R S , M Inst C E Reform Club, Pall 

Mall, SW 

1911 {Gill, Rev H V , S J Milltown Park, Clonskea, Co Dublin 

1902 {Gill, J ames F 72 Strand road, Bootle, Liverpool 

1908 {Gill, T P Department of Agriculture and Technical Instruction 
for Ireland, Dublin 

1913 *Gillett, Joseph A , B A Woodgreen, Banbury 
1913 {GiUmor, RE 57 Victoria street, S W 

1892 *Gilmour, Matthew A B , F Z S Saffronhall House, WindmiJl- 

road, Hamilton, N B 

1907 {Gilmour, SC 26 Cumberland road, Acton, W 

1908 XQilmour^ T L 1 8t JohrCs Wood Park^ N W 

1913 §Gilson, R Cary, M A King Edward’s School, Birmingham 
1913 §Gimingham, C T , FTC Research Station, Long Ashton, 
Bristol 

1893 *Gimingham, Edward Croyland, Clapton Common, N E 

1904 {Ginn, S R , D L (Local Sec 1904 ) Brookfield, Trumpmgton 
road, Cambridge 

1884 {Girdwood, G P , M D 615 University street, Montreal, Canada 
1886 *Gisborne, Haitlc\, M Can S C E Yoxall, Rural Route No 1 — 
Ladysmith, British Columbia, Canada 
1883 *Gladstone, Miss 19 Chepstow \illas, Bayswater, W 
1871 *Glaisheb, JWL,MA DSc,PRS,FRAS (Pres A, 1890 , 
Council, 1878-86 ) Tnmty College, Cambridge 

1880 ’*'Glantawb, Right Hon Lord The Grange, Swansea 

1881 *Glazbbbook, R T,CB, MA,DSo,FRS (Pres A, 1893 , 

Council 1890-94, 1905-11), Director of the National Physical 
Laboratory Bushy House, Teddington, Middlesex 
1881 ♦Gleadow, Frederic 38 Ladbroke grove, W 

Glover, Thomas 124 Manchester road, Southport 

1878 *Godlee, J Lister Wakes Colne Place, Essex 

1880 {Godman, F Du Cane, DCL,FRS,FLS,FGS 45 Pont- 
street, S W 

1879 {Godwin Austen, Lieut Colonel H H,FRS,PRGS,FZS 

(Pres E, 1883 ) Nore, Godaiming 

1878 {Goff, Jabies (Local Sec 1878 ) 29 Lower Leeson street, 

Dublm 

1908 *Gold, Ebnbst, M A 8 Hurst Close, Bigwood-road, Hampstead 
Garden Suburb, N W* 
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1914 §Gokl, Mis 8 Huist Clo^e, Bigwood road, Hampstead Gaiden 
Suburb N W 

1906 jiGoLDiE, Right Hon Sir George D T,KCMG,DCL, FRS 

(Pres E, 1906 , Council, 1906-07 ) Naval and Military Club, 
94 Piccadilly, W 

1910 §Golding, John, PIC University College, Readmg 
1913, §Golding, Mrs University College, Reading 

1899 JGomme, Str O L , F S A 

1890 *GoNNifi, E C K , M A (Pies F, 1897, 1914), Profcssoi of Kcono 
mic SciPiicp in the University of Liveipool Undcicliff, 
West Kiibv Clushne 

1909 JGoodair, Thomas 303 Kennedy street, Wmnipeg, Canada 
1912 ^Goodman, Sydney C N , B A. 1 Buck court, Temple, E C 

1907 §Goodbich, E S,MA,FRS,FLS Merton College, Oxford 

1908 J Goodrich, Mrs Merton College, Oxford 

1884 "'♦Goodridge, Richard E W PO Box 36, Colerame, Minnesota, 
USA 

1884 JGoodwin, Professor W L Queen’s Umversity, Kingston, Ontario, 
Canada 

1909 §Gordon, Rev Charles W 667 Broadway, Winnipeg, Canada. 

1909 JGordon, J T 147 Hargrave street, Winnipeg, Canada 

1909 IGordon, Mrs J T 147 Hargrave street, Winnipeg, Canada 

1911 *Gordon, J W 113 Broadhurst gardens, Hampstead, N W 

1871 ^Gordon, Joseph Gordon, FCS Queen Anne s mansions. West 
minster, S W 

1893 t^ordon, Mrs M M Ogilvie, D So 1 Rubislaw terrace, Aberdeen 

1910 ^Gordon, Vman Avonside Engine Works, Fishponds, Bristol 

1912 §(TOidon W T (teological Depaitment, King’s College, Strind, 

W C 

1901 JGorst, Right Hon Sir John E,MA,KC,MP,FRS (Pres L, 
1901 ) 84 Campden Hil! Court, W 
1881 JGough, Rev Thomas, B So King Edward’s School, Retford 

1901 tGouRLAY, Robert Glasgow 

1876 JGow, Robert Cairndowan, Dowanhill gardens, Glasgow 
1883 JGow, Mrs Cairndowan, Dowanhill gardens, Glasgow 
1873 JGoyder, Dr D Marley House, 88 Great Horton road, Bradford, 
Yorkshire 

1908 *Grabham, G W,MA,FGS PO Box 178, Khartoum, Sudan 
1886 JGrabham, Michael C , M D Madeira 

1909 {Grace, J H , M A , F R S Peterhouse, Cambridge 

1909 {Graham, Heibert W 329 Kennedy street, Wmnipeg, Canada 

1902 *Graham, Wilhain, M D Purdysburn House, Belfast 
1914 §Grahain, Mrs Purdysburn flouse, Belfast 

1876 {Grahamb, James (Local Sec 1876 ) Care of Messrs Grahame, 
Crums, & Connal, 34 West George street, Glasgow 
1904 §Gramont, Comte Arnaud de, D So 179 rue de I’Umversit^, Pans 
1896 {Grant, Sir James, K C M G Ottawa, Canada 
1914 §Gra]st, Kirr, M Sc Professor of Physics in the University of 
Adelaide, South Au'^tiahi 

1908 *Grant, Professor W L Queen’s University, Kingston, Ontano 
1914 §Grasby W C Care of G J W Grasby, Esq , Grenfell street, 
Adelaide, South Australia 

1890 {Gray, Andrew, MA, LLD, FRS, FRSE, Professor of 
Natural Philosophy in the Umversity of Glasgow 
1864 *Gray, Rev Canon Charles West Retford Rectory, Retford. 

1881 {Gray, Edwin, LL B Minster yard, York 

1903 §Gray, Ernest, M A 104 Tulse hill, S W 
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1004 ’•Gray, Re\ H B , D D (Pies L, 1909) Piiicroyd, Lowei Bouiiie, 
Parnham 

1892 *Gray, James Hunter, M A , B So 3 Crown Office row. Temple, 
EC 

1887 JGray, Joseph W , F G S 6 Richmond Park cresc^t, Bourne- 
* mouth 

1887 {Gray, M H , F G S Lessness Park, Abbey Wood, Kent 
1901 tGray, R Whytlaw University College, W C 

1873 t^rray, William, M R I A Glenbum Park, Belfast 

♦Gray, Colonel William Farley Hall, near Reading 
1866 §Gr eaves, Charles Augustus, M B , LL B 84 Fnar gate, Derby 

1910 t^rreaves, R H , B Sc 12 St John’s crescent, Car£ff 

1904 *Green, Professor A G , M So The Old Gardens, Cardigan road, 
Headmgley, Leeds 

1904 §Green, F W 6 Wordsworth grove, Cambridge 

1906 SGreen, J A , M A , Professor of ]^uoation in the Umversity of 
Sheffield 

1908 JGreen, Rev William Spotswood, C B , F R G S 6 Cowper villas, 

Cowper road, Dublin 

1909 {Greenfield, Joseph P O Box 2935, Winnipeg, Canada 
1882 JGrbenhill, Sir A G,MA,FRS 1 Staple Inn, W C. 

1905 {GreenhiU, Wilham 6a George street, Edinburgh 

1913 *Greenland, Miss Lucy Maud St Hilda’s, Hornsea, East Yorkshire 
1898 ♦Gpbbnly, Edward, F G S Achnashean, near Bangor, North 

Wales ' 

1876 {Greenwood, Dr Frederick Brampton, Chesterfield 

1906 {Greenwood, Sir Ilainar Bait, MP Nitional Libcid Club, 

Whitehall place, S \V 

1894 ♦Gregory, J Walter, DSc,FRS,FGS (Pres C, 1907), Pro- 
fessor of Geology in the Umversity of Glasgow 
1896 ♦Gregory, Professor R A , F R A S Walcot, Blyth road, Bromley, 
Kent 

1904 ♦Gregory, R P , M A St John’s College, Cambridge 

1914 §Gicgory, Mi&s V J The University, Glasgow 
1914 §Giew, Mrs 30 Cheyne-row, S W 

1894 *Griffith, C L T , Assoc M Inst C E , Piofessor of Civil Engineering 
in the College of Engmeering, Madras 

1908 §Griffith, Sir John P , M List C E Rathmmes Castle, Rathmines, 

Dublin 

1884 {Griffiths, E H,MA,DSc,FRS (Pres A, 1906 , Pre^ L, 
1913 , Council, 1911- ), Piincixial of University College, 

Caidiff 

1884 {Griffiths, Mrs University College, Cardifi 

1903 {Griffiths, Thomas, J P 101 Manchester road, Southport 

1888 ♦Giimshaw, James Walter, M Inst C E St Stephen’s Club, West 

minster, S W 

1914 §(Linloy, Frank Wandella, Gale stieet, Woolwich, N S W 

1911 {Grogan, Ewait S Camp Hill, near Newcastle, Staffs 

1894 {Groom, Professor P , M A , F L S North Park, Gerrard’s Cross, 
Bucks 

1894 {Groom, T T,MA,DSc,FGS, Professor of Geology m the 
University of Birmingham 

1909 ♦Grossman, Edward L , M D Steilacoom, Washmgton, USA 
1896 {Grossmann, Dr Karl 70 Rodney street, Liverpool 

1913 {Grove, W B , M A 46 Duchess road, Edgbaston, Birmmgham 
1869 {Grubb, Sir Howard, F R S , F R A S Aberfoyle, Rathgar, 
Dublin 
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1913 §Griichy, G F B de Bulwark House, St Aubiii, JtrstV 
1897 {Grunbaum, A S , M A » M D School of Medicine, Leeds 

1910 §Grundy, James Ruislip, Teignmouth road, Cncklewood, N W 

1913 tCruest, James J 11 St Mark’s road, Leamington 

1887 jGuiLLBMARD, F H H , M A , M D The Mill House, Trumpmgton, 

Cambridge 

1905 *Gunn, Donald Royal Societies Club, St James’s street, S W 
1909 :|:Gunne, J R , M D Kenora, Ontario, Canada 

1909 tCrunne, W J , M D Kenora, Ontario, Canada 
1894 JGunther, R T Magdalen College, Oxford 

1880 §Guppy, John J Ivy place. High street, Swansea 
1904 §Gumey, Sir Eustace Sprowston Hall, Norwich 

1902 *Gumey, Robert Ingham Old Hall, Stalham, Norfolk 

1914 §Guthiic, Mrs Blanche 72 Ladbroke grove, W 

1904 jiGuttmann, Professor Leo F , Ph D Queen’s University, Kingston, 

Canada 

189 > *GwYJsrNE Valohan, D T, FLS, Professor of Botany in Uni 
veisity College, Reading 

1906 *Gwynne Vaughan, Mrs Helen C I , D Sc , F L S Department of 

Botany, Birkbeck College , and 27 Lincoln’s Inn fields, W C 

1905 J Hacker, Rev W J Idutywa, Transkei, South Afiica 

1908 *Haokett, Felix E Royal College of Science, Dublin 

1881 ♦Haddon, Alfred Cort, MA,DSc,FRS,FZS (Pres H, 1902, 

1905, Council, 1902-08, 1910- ) 3 Cranmei loid, Cim- 

bridge 

1914 §Haddon, Mis 3 Cianmer-road, Cambridge 

1911 ’•‘H addon, Miss Kathleen 3 Cranmer road, Cambridge 

1888 *Hadfield, Sir Robert, DMet, D Sc , FRS, MlnstCE 22 

Carlton House terrace, S W 

1913 j Hadley, H E , B So School of Science, Kidderminstei 

1905 jlHahn, Professor P H , M A , Ph D York House, Gardens, Cape 

Town 

1911 JHaigh, B P , B Sc James Watt Engineering Laboratory, The 
University, Glasgow 

1906 JHake, George W Oxford, Ohio, USA 

1894 JHaldanb, John Scott, M A , M D , FRS (Pres 1, 1908), Reader 
m Physiology m the Umversity of Oxford Cherwell, Oxford 

1909 §Hale, W H , Ph D 40 First-place, Brooklyn, New York, USA. 

1911 §Halket, Miss A C Waverley House, 135 East India road, E 
18*^9 ‘11\TT, A D, M \ IRS (Pres M, 1914, Council, 1908- ) 

Development Comniissjon, 6a Dean’s yard, S W 

1914 § Flail Mf' a D Ew hurst, Mostyn road, Merton 

1909 §Hall, Archibald A , M So , Ph D Armstrong College, Newcastle- 
on Tyne 

1903 JHall, E Marshall, K C 75 Cambndge terrace, W 
1879 *Hall, Ebenezer Abbeydale Park, near Sheffield 

1883 ♦Hall, Miss Emi^ 63 Belmont street, Southport 

1854 *Hall, Hugh Febgie, FGS Cissbury Court, West Worthing, 
Sussex 

1899 ;|;Hall, John, M D National Bank of Scotland, Nicholas lane, E C 

1884 §Hall, Thomas Proctor, M D. 1301 Davie-street, Vancouver, B C , 

Canada 

1908 *Hall, Wilfred, Assoc M Inst C E 9 Pnor’s terrace, Tynemouth, 
Northumberland 

1013 t Hall Edwards, J The Elms, 112 Gough toad, Edgbaston, Bir 
mingham 
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1891 Oorge Oik Cottage, We^t Malvern 
1873 *Hallett, T G P , M A Claverton Lodge, Bath 

1888 IHallibubton, W D , M D , LL D , F R S (Pres I, 1902 , Council, 
1897-1903, 191 1- ), Professor of Physiology m King’s College, 
London Church Cottage, 17 Marylebone road, N W 

1905 tHalhburton, Mrs Church Cottage, 17 Marylebone road, N W 
1904 ♦Hallidie, A H S Avondale, Chesterheld road, Eastbourne 

1908 *Hamel, Egbert Alexander de Middleton Hall, Tamworth 
1883 *Hamel, Egbert D de Middleton Hall, Tamworth 

1904 *Hamel de Manin, Anna Countess de 35 Circus road, N W 

1906 JHamill, John Molyneux, M A , M B 14 South parade, Chiswick. 
1906 JHamilton, Charles I 88 Twjdord avenue, Acton 

1909 {Hamilton, F C Bank of Hamilton chambers, Wmnipeg, Canada 
1902 {Hamilton, Rev T , D D Queen’s College, Belfast 

1909 {Hamilton, T Glen, M D 264 Renton avenue, Winnipeg, Canada 
1881 ♦Hammond, Robert, M Inst C B 64 Victoria street, Westminster, 
S W 

1899 ♦Hanbury, Daniel Lenqua da C^i, Alassio, Italy 
1878 {Hance, E M Caro of J Hope Smith, Esq , 3 Leman street, E C 
1909 {Hancock, C B Manitoba Government Telephones, Winnipeg, 
Canada 

1905 *Hancook Sti ingmaii Kennel Holt, Cranbrook, Kent 
1912 {Hankin, G T 150 Whitehall court, S W 

1911 {Hann, H F 139 Victoria load North, Southsea 

1906 § Hanson, David Salterlee, Hahfax, Yorkshire 

1904 §Hanson, E K Woodtliorpe, Roys ton Paikioid, Hiitli Liul 
Middlostv 

1014 §Happell, Mis Caro of Miss K M Bundev, Molcswoitli Sticct, 
Noitb \dflude. South Austialii 

1859 ♦Harcodrt, A G Vernon, M A , D C L , LL D , D Sc , F R S , 
V P C S (Gen Seo 1883-97 , Pres B, 1875 , Council, 
1881-83 ) St Clare, Ryde, Isle of Wight 
1909 §Harcourt, George Department of Agricultuie, Edmonton, Alberta, 
Canada 

1886 ♦Hardcastle, Colonel Basil W , F S S 12 Gainsborough gardens, 
Hampstead, N W 

1902 *Hardoastle, Miss Frances 3 Osborne teiiace, Newcastle on 

Tyne 

1903 ♦Hardcastle, J Alfred The Dial House, Crowthome, Berkshire 

1892 ♦Harden, Arthur, Ph D , D So , F R S Lister Institute of 
Preventive Medicine, Chelsea gardens, Grosvenor road, S W 

[Hardte, Miss Mabel, M B High lane, via Stockport 
iHardmg, Stephen Bower Ashton, Chfton, Bristol 
:Hardman, S C 120 Lord street, Southport 
:Hardy, George Francis 30 Edwardes squaie, Kensington, M 
Hardy, W B , M A , F R S Gonville and Cams College, Cam 
bridge 

1881 {Hargrove, William Wallace St Mary’s, Bootham, York 
1890 ♦Harkbr, Alfred, MA,FRS,FGS (Pres O, 1911 ) St John’s 
College, Cambridge 

1914 ^Harker, Dr George The University, Sydney, N S W 
1896 {Harker, John Allen, D So , F R S National Physical Laboratory, 
Bushy House, Teddington 

1875 ♦Harland, Rev Albert Augustus, MA,FGS,PLS,FSA The 
Vicarage, Hareheld, Middlesex 

1877 ♦Harland, Henrv Seaton 8 Arundel terrace, Bnghton 
1883 ’"Harley, Miss Clara Rastrick, Crioketheld-road, Torquay 


1905 

1877 

1894 

1913 

1909 
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1899 JHarman, Dr N Bishop, F R C S 108 Harley street, W 
1913 tHarmar, Mrs 102 Hagley road, Birmingham 
1868 ♦Harmbb, F W , F G S Oakland House, Crmgleford, Norwich 
1881 ♦Harmbb, Sidnby F, MA, SoD, FRS (Pres D, 1908), 
Keeper of the Department of Zoology, British Museum 
(Natural History), Cromwell road, S W 

1912 *Harper, Alan G , B A Magdalen College, Oxford 

1906 t Harper, J B 16 St George s plaoe, York 

1913 [iHarris, F W 132 and 134 Hurst street, Birmingham 
1842 *Ham8, G W Millicent, South Australia 

1909 JHarris J W Chvio Offices, Winnipeg 

1903 ^Harris, Robert, M B Queen’s road, Southport 

1904 *Haiiison, Frank L, BA, B Sc Brook street. Solum, Cam 

bridgeshire 

1904 {Harrison, H Spbncer The Horiiiman Museum, Forest Hill, vS E 
1892 {Harrison, John (Local Sec 1892 ) Rockville, Napier road 

Edmtorgh 

1892 {Hamson, Rev S N Ramsey, Isle of Man 

1901 ♦Harrison, WE 17 Soho road, Handsworth, Staffordshire 
1911 {Harrison Smith, F , C B H M Dockyard, Poitsmouth 

1885 {Hart, Colonel C J (Local Sec 1886) Highfaeld Gate, Edgbaston, 

Birmingham 

1909 {Hart, John A 120 Emily street, Wmnipeg, Canada^ 

1876 ♦Hart, Thomas Brooklands, Blackburn 
1903 ♦Hart, Thomas Clifford Brooklands, Blackburn 

1907 §Hart, W E Kilderry, near Londonderry 

1911 {Hart Synnot Ronald V O University College, Reading 

1893 ♦Habtland, E Sidney, FS A (Pres H, 1906 , Council, 1906-13 ) 

Highgarth, Gloucester 

1905 {Hartland, Miss Highgarth, Gloucester 

1886 ♦Hartog, Professor M M , D So University College, Cork 

1887 {Hartog, P J , B So Umversity of London, South Kensington, 

S W 

1885 §Harvie Brown, J A , LL D Dumpaoe, Larbert, N B 
1862 ♦Harwood, John Woodside Mills, Bolton le Moors 
1893 §Haslam, Lewis 8 Wilton crescent, S W 
1911 ♦Hass^, H R The University, Manchester 

1903 ♦Hastie, Miss J A Care of Messrs Street & Co , 30 Cornhill, E C 

1904 {Hastings, G 23 Oak lane, Bradford, Yorkshire 

1875 ♦Hastings, G W (Pres F, 1880 ) Chapel House, Chipping 
Norton 

1903 {Hastings W G W 2 Halsey street, Cadogan gardens, S W 
1889 {Hatch, F H , Ph D , F G S 15 Copse hill, Wimbledon, S W 

1903 {Hathawav, Herbert G 45 High street, Bridgnorth Salop 

1904 ♦Haughton, W T H The Highlands, Great Barford, St Neots 

1908 §Havelock, T H,MA,DSc,FRS Rockliffe, Gosfoith, New 

castle on Tyne 

1904 {Havilland, Hugh de Eton College, Windsor 
1887 ♦Hawkins, Wilham Earlston House, Broughton Park, Manchester 
1872 ♦Hawkshaw, Henry Paul 58 Jermyn street, St James’s, S W 
1864 ♦Hawkshaw, John Clabkb, M A , M Inst C E , F G S (Council 
1881-87 ) 22 Down street W 

1897 §Hawkslby, Charles, M Inst C E , F G S (Pres G, 1903 , Council, 
1902-09 ) Caxton House (West Block), Westminster, S W 
1887 ♦Haworth, Jesse Woodside, Bowdon, Cheshire 
1913 {Haworth, John F Withens, Barker road, Sutton Coldfield 
1913 {Haworth, Mrs Withens, Barker road, Sutton Coldfield 
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1885 *HAYCRArT, John Bbbby, MD, BSo, PRSE, Professor of 
Physiology in University College, Cardiff 

1900 §Hayden, H H , B A , P G S Geological Survey, Calcutta, India 
1903 *Haydock, Arthur 1 14 Revidge road, Blackburn 

1913 §Hayward, Miss 7 Abbotsford road, Galashiels, N B 

1903 fllayward, Joseph William, M Sc Keldon, St Marychurch, 

Torquay 

1896 *Haywood, Colonel A G Rearsby Mernlocks road, Blundellsands 
1883 JHeape, Joseph R Glebe House, Rochdale 

1882 ♦Heape, Walter, M A , F R S 10 King’s Bench walk. Temple, K C 
1909 tHeaid, Mrs Sophie, M B , Ch B Carisbrooke, Faieham, Hants 

1908 §Heath J St George, B \ The arden’s J^odgc, loyn bee Kail, 

Commercial street, F 

1902 :|:Heath, J W Royal Institution, Albemarle street, W 

1898 JHeath, R S , M a , D Sc , Vice Principal and Professor of Mathc 

matics m the University of Birminghxm 

1909 JHeathcote, F C C Broadway, Winnipeg, Canada 

1883 fHeaton, Charles Marlborough House Hesketh Park, Southport 
1913 §Hbaton, Howard (Local Sec , 1913 ) Wayside, Lode lane, 

Solihull, Birmingham 

1892 *Heaton, Wilu\m H, MA (Local Sec, 1893) Pimcipal of and 
Professor of Physics in University College, Nottingham 
1889 ♦Heaviside, Arthur West, ISO 12 Tnng avenue, Ealing, W 
1888 ♦Hbawood, Edward, M A Biiarfield, Church hill, Merstham, 
Surrey 

1888 *Heawood, Peioy J Professor of Mithematics in Durham Univer 
sity High Close, Holhnside lane, Durham 
1887 *Hbdoes, Killino worth, M Inst C E 10 Cranley place, South 
Kensington, S W 

l'K2 §H 1 'DIEy, CiixrlP'^ AusK ihxn Museum, Svdncv 
1881 *Hele Shaw, H S,DSc,LLD,FRS,M Inst C E 64 Victoria 
street, S W 

1901 *HEiirR, W M , B Sc Education Office, Mailboiough sticct, 

Dublin 

1911 JHellyer, Francis E Farhngton House, Havant, Hants 
1911 JHellyer, George E Farhngton House, Havant, Hants 
1887 JHembry, Fiedeiick William, F R M S Cit^ chambeis, 2 St 
Nicholas street, Bristol 

1908 JHemmy, Professor A S Government College, Lahoie 

1899 JHemsalech, G A , D Sc The Owens College, Manchester 
1905 ♦Henderson, Andrew 17 Belhaven terrace, Glasgow 

1905 ♦Henderson, IMiss Catharine 17 Belhaven terrace, Glasgow 
1891 ♦Henderson, G G,DSc,MA,FIC, Professor of Chemistry 
in the Glasgow and West of Scotland Technical College, 
Glasgow 

1905 §Henderson, Mis 7 Marlborough diive, Kelvinside, Glasgow 
1907 JHenderson, H P Felday, Morland avenue, Leicester 

1906 JHenderson, J B , D So , Professor of Applied Mechamos in the 

Royal Naval College, Greenwich, S E 

1909 JHenderson, Veylien E Medical Building, The University, Toronto, 

Canada 

1880 ♦Henderson, Admiral W H , R N 3 Onslow Houses, S W 
1911 [Henderson, William Dawson The University, Bristol 

1904 ♦Hendrick, James Manschal College, Aberdeen 

1910 JHeney, T W Sydney, New South Wales 

1910 *Henrici, Captain E O , R E , A Inst C E Ordnance Suivey Office, 
Southampton 
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1873 ♦Hbnbici, Olaus M F B,PhD,FRS (Pres A, 1883 , Gounoil, 

1883-89 ) Hiltingbury Lodge, Chandler’s Ford, Hants 
1910 {Henry, Hubert, M D 304 Glossop road, Sheffield 
1906 {Henry, Dr T A Imperial Institute, S W 
1909 ♦Henshall, Robert Sunnyside, Latchford, Warrington 
1892 {Hepburn, David, M D , F R S E , Professor of Anatomy in Univer 
sitv College, Cardiff 

1904 {Hepworth, Commander M W C, CB, RNR Meteorological 

Office, South Kensington, S W 

1892 ♦Hbrbertson, A J , M A , Ph D (Pres E, 1910), Professor of Geo 

graphy in the University of Oxford 9 Fyfield road, Oxford 
1909 {Herbinson, William 376 Ellice avenue, Winnipeg, Canada 
1914 *Herdman, Miss C Croxteth Lodg", Sefton Park, Liverpool 

1902 {Herdman, G W , B Sc , Assoc M Inst C E Irrigation and Water 

Supply Department, Pretoria 

1912 *Herdman, George Andrew Croxteth Lodge, Sefton Park, Liver 
pool 

1887 *Herdman, William A,DSc,FRS,FRSE,FLS (General 
Secretary, 1903- , Pres D, 1895 , Council, 1894-1900 , 
Local Sec 1896), Professor of Natural History in the University 
of Liverpool Croxteth Lodge, Sefton Park, Liverpool 

1893 ♦Herdman, Mrs Croxteth Lodge, Sefton Park, Liverpool 
1909 tHerdt, Professor L A McGill University, Montreal, Canada 
1876 JHbrepord, The Right Rev John Pbroival, D D , LL D , Lord 

Bishop of (Pres L, 1904 ) The Palace Hereford 
1912 {Heron, David, D So Galton Eugenics Laboratory, University 
College, WC 

1912 {Heron Allen, Edward, F L S , F G S 33 Hamilton terrace, N W 
1908 * Herring, Percy T , Ml), Professor of Physiology m the Uni 

\ ersity, St Andrews, N B 

1874 §Hersohbl, Colonel John, RE, FRS, FRAS Obseivatoiy 

House, Slough, Bucks 

1900 *Hersohel, Rev J C W Firoroft, Wellmgton College Station, 

Berkshire 

1913 {Hersey, Mayo Dyer, AM Bureau of Standards, Washington, 

USA 

1905 {Her\ ey, Miss Mary F S 22 Morpeth mansions S W 

1903 ♦Heskbth, Charles H Fleetwood, M A Stooken Hall, Stretton, 

Oakham 

1895 §Hesketh, James 6 Scansbnek Avenue, Southport 

1913 §Hett, Miss Mary L 63 Fordwych road, West Hampstead, N W 

1894 {Hbwbtson, G H (Local Sec 1896) 39 Henley road, Ipswich 

1894 IHewins, W A 8 y M A , F 8 8 15 Chartfidd avenuBy Putney 

HtUy 8 W 

1908 {Hewitt, Dr C Gordon Central Experimental Farm, Ottawa 

1896 §Hewitt, David Basil, M D Oakleigh, Northwich, Cheshire 
1903 {Hewitt, E Q W 87 Princess road. Moss Side, Manchester 

1909 {Hewitt, Sir Frederic, M V O , M D 14 Queen Anne street, W 
1903 {Hewitt, John Theodore, MA, DSc, PhD, FRS Clifford 

House, Staines road, Bedfont, Middlesex 
1909 {Hewitt, W , B So 16 Clarence road, Birkenhead 

1882 ♦Hbyoook, Charles T,MA,FRS 3 St Peter’s terrace. Cam 

bridge 

1883 {Heyes, Rev John Frederick, M A , F R G S St Barnabas 

Vicarage, Bolton 

1866 ♦Heymann, Albeirt West Bni^ord, Nottinghamshire 

1901 ♦Heys, Z John Stonehouse, Barrhead, N B 



LIST OF MEMBERS 1914 


45 


Year of 
Election 

1912 §Heywood, H B , D Sc 40 Manor way, Ruislip 

1912 JHioklmg, George The University, Manchester 

1877 §Hioks, W M, MA,DSo,FRS (Pres A, 1896), Professor of 
Physios in the University of Sheffield Leamhurst, Ivy 
Park road, Sheffield 

1886 :|;41ick8, Mrs W M Leamhurst, Ivy Park road, Sheffield 

1887 ♦Hiokson, Sydney J, MA,DSo, FRS (Pres D, 1903 , Local 

Secretary, 1915), Professor of Zoology in Victoria Umversity, 
Manchester 

1864 ♦Hibrn, W P , M a , F R S The Castle, Barnstaple 
1914 §Higgm«t, J IVr Riversdalo road, Cam})erwell, Victoria 
1914 §Higgins, Mrs J M Rivcrsdale road, Camberwell, Victoria 
1891 JHiqos, Henry, C B , LL B , F S S (Pres F, 1899 , Council, 
1904-06 ) H M Treasury, Whitehall, S W 

1909 {Higrnan, Ormond Electrical Standards Laboratory, Ottawa 

1913 *Hig8on, G I , M Sc 11 Westboume road, Birkdale, Lancashire 

1907 JHilby, E V (Local Sec 1907 ) Town Hall, Birmingham 

1911 *Hiley, Wilfrid E Ebbor, Wells, Somerset 

1885 ♦Hill, Alexander, M A , M D Hartley University College, 

Southampton 

1903 ♦Hill, Arthur W , M A , F L S Royal Gardens, Kew 

1906 JHill, Charles A , M A , M B 13 Rodney street, Liverpool 

1881 ♦Hill, Rev Ed win, M A The Rectory, Cockfield, Bury St Edmunds 

1908 *Hill, James P , D Sc , F R S , Professor of Zoology in University 

College, Gower street, W C 

1011 Hill Lponapp, MB, FRS (Pres I 1912), Professor of 
Physiology in the University of lAindon Osborne House, 
Jxiuffhton, E’-sex 

1912 JHill, M D Angelo’s, Eton College, Windsor 

1886 JHill, M J M,MA,DSc,FRS, Professor of Pure Mathematics 

in Umversity College, W C 

1898 *Hill, Thomas Sidney Langford House, Langford, near Bristol 
1007 ♦Hills, Major E H, CMG,RE, FRS,FRGS (Pres E, 
1908 ) 32 Prmce’s gardens, S W 

1911 ♦Hills, William Frederick Waller 32 Prmce’s gardens, S W 
1903 *Hilton, Harold 108 Alexandra road. South Hampstead, N W 
1903 ♦Hind, Whbblton, M D , F Q S Roxeth House, Stoke on-Trent 
1870 JHindl G J,PhD,FRS,FGS Ivythom, Avondale road. 
South Croydon, Surr y 

1910 JHmdle, Edward, B A , Ph D , F L S Quick Laboratories, Cam 

bridge 

1883 *Hindle, James Henry 8 Cobham street, Accrington 

1898 J Hinds, Henry 67 Queen street, Ramsgate 

1911 JHinks, Arthur R, MA, FRS, ^sist Sec RGS Royal 

Geographical Society, Kensmgton Gore, S W 

1903 *Hinmers, Edward Glentwood, South Downs drive. Hale, Cheshire 
1911 XHitchcocJc, Miss A M , M A 40 St Andrew's road, Southsea 

1914 §Hoadloy, C A M Sc Weonabih, Ballarat, Victoria 

1899 JHobday, Henry Haizelwood, Oabble Hill, Dover 

1914 § Hobson, A Kvme Overseas Club 26b Fhnders street Melbourne 

1887 *Hobson, Bernard, M Sc , F G S Thornton, Hallamgate road, 

Sheffield 

1904 JHobson, Ernest William, Sc D , F R S (Pres A, 1910), Sadlerian 

Professor of Pure Mathematics m the University of Cambridge, 
The Gables, Mount Pleasant, Cambridge 
1907 JHobson, Mrs Mary 6 Hoxieheld avenue, Belfast 
1877 JHodge, Rev John Mackey, M A 38 Tavistook-place, Plymouth 
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1913 t Hodges, Ven Archdeacon Geoi^e, M A Ely 
1887 *Hodgkinson, Alexander, MB, B So , Lecturer on Laryngology 
in the Victona University, Manchester 18 St John street, 
Manchester 

1880 JHodgkinson, W R Eaton, Ph D, ERSE, FGS, Professor of 
Chemistry and Physios in the Royal Artillery College, Wool- 
wich 18 Glenluce road, Blackheath, S E 

1912 {Hodgson, Benjamin The University, Bristol 

1905 J Hodgson, Ven Archdeacon R The Rectory, Wolverhampton 
L909 {Hodgson, R T , M A Collegiate Institute, Brandon, Manitoba, 

Canada 

L898 {Hodgson, T V Municipal Museum and Art Gallery, Plymouth 
1904 *Hodson, F , Ph D Bablake School, Coventry 
1907 {Hodson, Mrs Bablake School, Coventry 

[904 {HtiGARTH, D G , M A (E^res H, 1907 , Council, 1907-10 ) 20 St 

Giles’s, Oxford 

.914 §Hogben, George, M A , F G S 0 Tmakori road, Wellington, 
Isicw 7e\land 

908 {Hogg Right Hon Jonatliin Stratford Rathgar Co DulJm 

1911 {Holbrook, Colonel A R Warleigh, Grove road South, Soutlisea 

1907 {Holden, Colonel H C L,CB,RA,FRS Gifford House, 

Blackheath, S E 

1883 {Holden, John J 73 Albert road, Southport 
1887 *Holder, Henry William, ISI A Beechmount, Arnside 

1913 §Holder, Sir John C , Bart Pitmaston, Moor Green, Birmingham 

1900 {Holdich, Colonel Sir Thomas H,RE,KCB,KCIE,FRGS 

(Pres E, 1902 ) 41 Courtfield road, S W 
1887 *Holdsworth, C J , J P Fernhill, Alderley Edge, Cheshire 
1904 §Holland, Charles E 9 Downing place, Cambridge 
1903 {Holland, J L , B A 3 Primrose hill, Northampton 
1896 {Holland, Mrs Lowhelds House, Hooton, Cheshire 
1898 {Holland Sii Thomas II , K C I E , b H S FGS (Pres C, 1014), 
Professor of Geology in the Victoria University, Manchester 
1889 {Hollander, Bernard, M D 35 a Welbeck street, W 

1906 ♦Holhngworth, Miss Leithen, Newnham road, Bedford 
1883 *Holmes, Mrs Basil 23 Corf ton road, Eahng, Middlesex, W 
1866 *Holmes, Charles Makeney, Compton road, Wmchmore Hill, N 
1882 ♦Holmes, Thomas Vincent, FGS 28 Croom’s hill Greenwich. S E 

1912 {Holmes Smith, Edward, B Sc Royal Botanic Gardens, Edinburgh 
1915 §Holt, Alderman E , J P (Local Treasurer, 1915 ) Bury Old 

road Heaton Park Manchester 

1903 ♦Holt, Alfred, M A , D Sc Dowsefield, Allerton, Liverpool 
1875 ♦Hood, John Chesterton, Cirencester 

1904 §Hooke, Rev D Burford, D D Somerset Lodge, Barnet 

1908 ♦Hooper, Frank Henry Deepdene Streatham Common, S W 
1865 *Hooper John P Deepdene Streatham Common S W 

1877 ♦Hooper, Rev Samuel F , M A Lydhnch Rectory, Sturminster 
Newton, Dorset 

1904 {Hopewell Smith, A , M R C S 37 Park street, Grosvenor square, 

S W 

1905 ♦Hopkins, Charles Hadley Jumor Constitutional Club, 101 Picca 

dilly, W 

1913 {Hopkins, F Gowland, MA,DSc, MB,FRS (Pres I, 1913) 

Trinity College, and Saxmeadham, Grange road, Cambridge 

1901 *Hopkinson, Bertram, MA, FRS, FRSE, Professor of 

Mechanism and Applied Mechanics m the University of 
Cambridge 10 Adams road, Cambndge 
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1884 *Hopkinson, Charles (Local See 1887 ) The Limes^ Didsbury, 

near Manchester 

1882 *HopkmBon, Edward, M A , D Sc Ferns, Alderley Edge, 
Cheshire 

1871 *Hopkinson, John, Assoc Inst CE, FLS, FGS, FR Met Soo 
Weetwood, Watford 

1905 IHopkitison, Mrs John Ellei'^lie, Adams road, Cimbndge 

1898 *Hornby, R , M A Hailoybury College, Hertford 

1910 i Horne, Arthur S Kerlegh, Cobham, Surrey 

1885 JHorne, John, LLD,FRS,FRSE,FGS (Pres C, 1901 ) 

12 Keith crescent, Blackhall, Midlothian 

1903 JHorne, Wilham, FGS Leyburn, Yorkshire 

1902 J Horner, John Chelsea, Antrim road, Belfast 

1905 *Horsburgh, E M , M A , B Sc , Lecturer m Techmeal Mathematics 

in the University of Edinburgh 
1887 JHorsfall, T C Swanscoe Park, near Macclesfield 
1893 *HoRSLEy, Sir Victor A H , LL D, BSc, FRS, FRCS 
(Council, 1893-98 ) 25 Cavendish square, W 
1908 {Horton, F St John’s College, Cambridge 
1884 *Hotblack, G S Brundall, Norwich. 

1899 {Hotblack, J T , F G S 45 Newmarket road, Norwich 

1906 *Hough, Miss Ethel M Codsall Wood, near Wolverhampton 
1859 {Hough, Joseph, M A , F R A S Codsall Wood, Wolverhampton 
1896 ♦Hough, S S,MA,FRS,FR\S, His Majesty’s Astronomer at 

the Cape of Good Hope Royal Observatory, Cape Town 
1905 §Houghting, A G L Glenelg, Musgrave road, Durban, Natal 

1886 : [Houghton, F T S , M A , F G S 188 Hagley road, Birmingham 
1908 {Houston, David, FLS Royal College of Science, Dublin 

1893 {Howard, F T , M A , F G S West Mount, Waverton, near 
Chester 

1904 ♦Howard, Mrs G L C Agncultural Research Institute, Pusa, 

Bengal, India 

1887 *Howard, S S 56 Albemarle road, Beckenham, Kent 

1901 §Howarth, E , F R A S Pubhc Museum, Weston Park, Sheffield 

1903 ♦Howarth, James H , F G S Holly Bank, Halifax 

1907 {Howarth, O J R , M A (Assistant Secretary ) 24 Lans 

downe crescent, W 

1911 *Howe, Piofessor G W O , M So 22 Dorset load, Merton Park, 

Surrey 

1905 {Ho wick. Dr W P O Box 503, Johannesburg 

1863 {Howorth, SirH H,KCIE,DCL,PRS,PSA 30 Colhng 
haln place, Cromwell road, S W 

1887 §Hoylb, William E, M A , D So (Pres D, 1907) National 
Museum of Wales, City Hall, Cardiff 
1903 {Hubner, Juhus Ash Villa, Cheadle Hulme, Cheshire 
1913 §Huddart, Mrs J A 2 Chatsworth gardens, Eastbourne 
1898 {Hudson, Mrs Sunny Bank, Egerton, Huddersfield 

1867 *Hu-dson, Professor William H H , M A , LL M 34 Birdhurst 

road, Croydon 

1913 §Hughes, Alfred, M A , Professor of Education in the Um\ersiiy of 

Birmingham 29 George road, Edgbaston, Birmingham 
1871 *Hughes, George Pnngle, J P , F R G S Middleton Hall, Wooler, 
Northumberland 

1914 §Hughes, Herbert W Adelaide Club, Adelaide, South Australia 

1868 {Hughes, T M‘K ,MA,FRS,FGS (Council, 1879-86), Wood 

wardian Professor of Geology in the Umversity of Cambndge 
Ravensworth, Brooklands avenue, Cambndge 
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1912 :|;Hukling, George The University, Manchester 

1867 t^vua, Edward, MA,LLD,PRS, FGS (Pres 0, 1874 ) 
14 Stanley gardens. Netting Hill, W 

1903 JHulton, Campbell G Palace Hotel, Southport 

1905 §Hume, D G W 65 Gladstone street, Dundee, Natal 

1911 *Hume, Dr W F Helwan, Egypt 

1904 ♦Humphreys, Alexander C , Sc D , LL D , President of the Stevens 

Institute of Technology, Hoboken, New Jersey, USA 

1907 §Humphries, Albert E Coxe’s Lock Mills, Weybridge 
1891 ♦Hunt, Cecil Arthur South wood, Torquay 

1881 JHunter, F W 16 Old Elvet, Durham 
1889 JHunter, Mrs F W 16 Old Elvet, Durham 
1909 JHunter, W J H 31 Lynedoch street, Glasgow 
1901 ♦Hunter, Wilham Evirallan, Stirling 

1903 JHurst, Charles C , F L S Burbage, Hinckley 
1861 »■ ♦Hurst, William John Drumaness, Ballynahinch, Co Down, 
Ireland 

1913 §Hutohms, Miss B L The Glade, Branch Hill, Hampstead Heath, 

N W 

1914 §Hutchins, D E Medo House, Cobham, Kent 

1894 *Hutohinson, A , M A , Ph D (Local Sec 1904 ) Pembroke 
College, Cambridge 

1912 §Hutchmson, Dr H B Rothamsted Experimental Station, 

Harpenden, Herts 

1903 §Hutchmson, Rev H N , M A 17 St John’s Wood Park, Fmchley 
road, N W 

1864 ♦Hutton Damton 14 Cumberland terrace. Regent’s Park, 
N W 

1887 ♦Hutton, J Arthur The Woodlands, Alderley Edge, Cheshire 
1901 ♦Hutton, R S , D Sc West street, Sheffield. 

1871 ♦Hyett, Francis A Pamswick House, Pams wick, Stroud, Glouces 
tershire 

1900 ♦Hyndman, H H Francis 6 Warwick road, Earl’s Court, S W 

1908 JTdle, George 43 Dawson street, Dublm 

1883 tldns, T H W 110 Pratt street, Camden Town, N W 

1884 *Iles, George 6 Bnmswick street, Montreal, Canada 

1906 JIhffe, J W Oak Tower, Upperthorpe, Sheffield 

1913 §Ilhng, Vmcent Charles, BA, FGS The Chebtuuts, Hartshill, 

Atherstone, Warwickshire 

18S> TiiURX, Sii J^VTu\RD i CB, K C Al (ibes H, 1914, 
CouiK il, 191 J- ) V) hexhaiu gxidons, 

1907 §Ingham, Charles B Moira House, Eastbourne 

1901 JInglis, John, LL D 4 Prince’s terrace, Dowanhill, Glasgow 

1905 §Innes, R T A , F R A S Union Observatory, Johannesburg 
1901 *IonideN, Stephen A 802 Plqiiitable building Jlenvcr, Colorado 
1913 $Irvme, James, F R G S Richmond buildings. Chapel street, Livei- 

pool 

1912 Jlrvine, J C, PhD, Professor of Ch^lnlstIv m the University 
of St Andrews 

1882 §Ibvino, Rev A , B A , D Sc Hockerill Vicarage, Bishop’s Stort 

ford, Herts 

1908 :|:lrwm, Alderman John 33 Rutland square, Dablin. 


1914 §Jack, A K , B Sc Agricultural College, Dookie, Victoiia 
1909 JJaclra, Professor L P 28 Holywell, Oxford 
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1883 Jackson, Professor A H , B So 349 Colbns street, Melbourne, 
Australia 

1903 j; Jackson, C S Royal Military Academy, Woolwich, S E 

1874 * Jackson, Frederick Arthur Belmont, Somonos, Vancouver Island, 
B C , Canada 

1883 ♦Jackson, F J 35 Leyland road, Southport 
1883 {Jackson, Mrs F J 36 Leyland road, Southport 

1899 {Jackson, Geoffrey A 31 Harnngton gardens, Kensington, S W 
1913 ♦Jackson, H Gordon, M Sc Mason College, Birmingham 

1906 ♦Jackson, James Thomas, MA Engineering School, Timity 
College, Dublin 

1898 ♦Jackson, Sir John 61 Victoria street, S W 

1887 § Jacobson, Nathaniel, JP Ohve Mount, Cheetham Hill road, 
an ch ester 

1005 ‘‘Jaffc, Arthur, AT A Nfw court. Temple, K 0 

1874 ♦Jaff6, John Villa Jaff6, 38 Promenade des Anglais, Nice, France 

1906 {Jalland, W 11 Museum street, York 

1891 ♦James, Charles Henry, JP 64 Park place, Cardiff 
1891 ♦James, Charles Russell The Bungalow, Redhill, Surrey 

1904 {James, Thomas Campbell University College, Aberystwyth 
1896 *Jameson, H Lyster, M A , Ph D Borderdale, Sunningdalo 

Berkshire 

18S0 ♦Jvpp F R, AIA, PhD, LL D , F R (Pres B, 180S > 36 

OVyford onue, West Acton, W 

1910 *Japp, Henry, M Inst C E Care of Messrs S Pearson & Son, 
607 Fifth Avenue, New York, USA 

1896 ♦Jarmay, Gustav Hartford Lodge, Hartford, Cheshire 

1913 {Jarrard, W J The University, Sheffield 

1003 {Jarratt, j Ernfst (Local Sec 1903) 10 Cambridge road, 

Southport 

1904 ♦Joans, J H , M A , F R S 8 Ormonde gate, Chelsea S W 

1897 {Jeffrey, F C , B A The University, Toronto, Canada 

1912 §Jehu, T J , M A , M D , Professor of Geology m the Univeisitv of 
Edmburgh 

1908 ♦Jenkin, Arthur Pearse, F R Met Soc Trewirgie, Redruth 

1909 ♦Jenkins, Miss Emily Vaughan 31 Antrim mansions, South 

Hampstead, N W 

1903 {Jenkinson, J W The Museum, Oxford 

1904 {Jenkinson, W W 6 Moorgate street, E C 
1S93 {Jennings, G E 60 Fosse road South, Leicester 

1905 {Jennings, Sydney P O Box 149, Johannesburg 

Jessop, William Overton Hall, Ashover, Chesterfield 

1900 *Jevons H Stanley, M A B Sc 3 Pembroke terrace, Cardiff 

1907 *Jevons, Mis^ H V\ 17 Ticdegar square Bow, E 

1905 §Jeyes, Miss Gertrude, B A Berrymead, 6 Lichfield road, Kew 
Gardens 

1914 §Tol)bins, G G Geelong Club, Geelong, Victoiii 

1909 ♦Johns, Cosmo, F G S , MIME Bumgrove, Pitsmoor road, 
Sheffield 

1909 {Johnson, C Kelsall, PROS The Glen, Sidmouth, Devon 
1890 ♦Johnson, Thomas, D So , F L S , Professor of Botany m the Royal 
College of Science, Dubhn 

1902 ♦Johnson, Rev W , BA, B Sc Archbishop Holgate’s Grammar 
School, York 

1898 ♦Johnson, W Claude, M Inst C E Broadstone, Coleman’s Hatch, 

Sussex 

1914 p 
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1S9Q J Johnston, Colonel Sir Duncan 4,KCMG,CB RE,FRGS 
(Pies E 1909 ) 19 Coates crescent, Eclmburp:h 

1883 {Johnston, SirHH,GCMG,KCB,FRGS St John’s 

Priory, Poling, near Arundel 

1913 §Johnston, James Oak Bank avenue, Manchester 
1909 ♦Johnston, J Wcir, MA 129 Anglesc i road Dublin 
1913 §Johnston, Dr S J Department of Biology, The University, 
Sydney, NSW 

1908 {Johnston, Swift Paine 1 Hume street, Dublin 

1884 * Johnston, W H County Offices, Preston, Lancashire 

1909 § Jolly, Professor W A , M B , D Sc South African College, Cape 

Town 

1888 {JoLY, John, MA, DSc, FRS,FGS (Pres C, 1908), Professor 
of Geology and Mineralogy in the Umversity of Dublin 
Geological Department, Tiimty College, Dublin 
1887 {Jones, D E , B Sc Eryl Dag, Radyr, Cardiff 
1913 *Jones, Daniel, M A , Lecturer on Phonetics at University College, 
London, W C 

1904 {Jones, Miss E E Constance Girton College, Cambridge 

1890 {Jones, Rev Edward, F G S Primrose Cottage, Embsay, 

Skipton 

1896 {Jones, E Taylor, D Sc Umversity College, Bangor 
1903 j Jones, Evan Ty Mawr, Aberdare 

1907 * Jones, Mrs Evan 39 Hyde Park gate, S W 

1887 {Jones, Francis, FRSE, FCS Beaufort House, Alexandra 

Park, Manchester 

1891 ♦Jones, Rev G Hartwell, D D Nutfield Rectory, Redhill, Surrey 
1883 ♦Jones, George Oliver, M A Inoh3U’a House, 21 Cambridge road, 

Waterloo, Liverpool 

1912 {Jones, J H The Umveisity, Glasgow 

1913 §Jones, O T,MA,DSc,FGS Professor of Geology m the 

University College of Wales Fenton, Caradoc ro id, 
Aberystwyth 

1905 {Jones, Miss Parnell The Rectory, Llanddewi Skyrnd, Aberga- 

venny, Monmouthshire 

1901 {Jones, R E , J P Oakley Grange, Shrewsbury 

1902 {Jones, R M , M A Royal Academical Institution, Belfast 

1908 {Jones, R Pugh, M A County School, Holyhead, Anglesey 

1912 §Jones, W Neilson University College Reading 

1875 ♦Jose, J E Ethersall, Tarbock road, Huyton, Lancashire 

1913 { Jourdam, Miss Eleanor F St Hugh’s College, Oxford 
1883 ::Joyce, Rev A G , B A St John’s Cioft, Winchester 
1886 :: Joyce, Hon Mrs St John’s Croft, Winchester 

1905 {Judd, Miss Hilda M , B Sc Btirymead, 6 Lichfield road, Kew 
1870 {Judd, John Wesley, C B , LL D , F R S , F G S (Pres C, 1885 , 
Council, 1886-92 ) Orford Lodge, 30 Cumberland road, 
Kew 

1894 §Julian, Mrs Forbes Redholme, Braddon’s Hill road, Torquay 
1014 § Julius, G A B Sc CulwuilU chambers, 67 Castleieagh street, 
Sydne\, NSW 

1905 §Juptt/, Chahlfs F, MA, DSc, FTC, Chief of the Division of 
Chemistry, Union of South Africa Department of Agn 
culture, Cape Town 

1888 {Kapp, Gisbert, M Sc , M Inst C E , M Inst E E (Pres G, 1913), 

Professor of Electrical Engineering in the University of 
Birmingham Pen y Coed, Pritchatts road, Birmingham 
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1913 JKay, Henry, F G S 16 Wrotham road, Handsworth, Birmingham 
1913 fKaye, G W C Culver, St James’ avenue, Hampton Hill 

1904 JKayser, Professor H The University, Bonn, Geimany 

1892 |Kbane, Charles A , Ph D Sir John Cass Techmcal Institute, 

Jewry street, Aldgate, E C 

1913 tKebby, Charles H 75 Sterndale road, West Kensington Park, W 
1908 §Keeble, Frederick, M A , Sc D , F R S (Pres K, 1912), Pro 
fessor of Botany in University College, Reading 
1913 *Keeling, B F E Survey Department, Giza Branch, Egypt 
1911 *Keith, Arthur, M D , LL D, FRS,FRCS Royal College of 
Surgeons, Lincoln’s Inn fields, W C 

1884 {Kellogg, J H , M D Battle Creek, Michigan, USA 
1908 {Kelly, Sir Malachv Ard Brugh, Dal key, Co Dublin 

1908 {Kelly, Captain Vincent Joseph Montrose, Donny brook, Co 
Dublin 

1911 {Kelly, Miss Montrose, Merton road, Southsea 

1902 *Kelly, William J , J P 25 Oxford street, Belfast 

1885 §Kbltib, j Scott, LL D , Sec R G S , F S S (Pres E, 1897 

Council, 1898-1904 ) Roy\l Geogriphical Society, Ken 
sington Gore S W 

1877 *Kelvin, Lady Netherhall, Largs, A^rr^hire , and 15 Eaton place, 
S W 

1887 {Kemp, Harry 55 Wilbraham road, Chorlton cum Hardy, Man 
Chester 

1898 ♦Kemp, John T , M A 4 Gotham grove, Bristol 

1891 {Kendall, Percy F , M Sc , F G S , Professor of Geology in the 

University of Leeds 

1875 {Kennedy, Sir Alexander B W LL D , F R S , M Inst C E 
(Pies (>, 1894) 4theninin (Mub S \\ 

1897 §Kennedy, George, M A , LL D , K C Crown Lands Department, 
Toronto, Canada 

1906 {Kennedy, Robert Sinclair Glengall Ironworks, Mill wall, E 

1908 {Kennedy, William 40 Trinity College, Dublin 

1905 *Kennerley, W R PO Box 158, Pretoria 

1913 ’Kenrick, W Byng (Local Sec 1913 ) Metchley House, 
Somerset load, Edgbaston, Birmingham 

1893 §Kent, a F Stanley, M A , F L S , F G S , Professor of Physiology 

in the University of Bristol 

1901 {Kent, G 16 Premier road, Nottingham 

1913 ♦Kenyon, Joseph, B Sc , F I C 51 Irving iJaco, Blackburn 
1857 ♦Ker, Andr6 Allen Murray New bliss House, Newbliss, Ireland 
1881 {Kermode, PMC Claghbene, Ramsey, Isle of Man 
1913 ^Kerr, George L 39 Flmbank ciescent, Glasgow 

1909 {Kerr, Hugh L 68 Admiral road, Toronto, Canada 

1892 {Kerr, J Graham, M A , F R S , Regius Professor of Zoology 

in the University of Glasgow 
1889 {Kerry, W H R The Sycamores, Windermere 

1910 §Kershaw, J B C West Lancashire Laboratory, Waterloo, Liver- 

pool 

1869 ♦Kesselmeyer, Charles Augustus Roseville, Vale road, Bowdon, 
Cheshire 

1869 *Kesselmeyer, William Johannes Edelweiss Villa, Albert road, 
Hale, Cheshire 

1903 {Kewley, James Balek Papan, Koltei Dutch Borneo 

1883 *Keynes, J N,MA,DSc,FSS 6 Harvey road, Cambridge 

1902 %K%dd, George Oreenhaven, Malone Park, Belfast 

1906 {Kidner, Henry, F G S 25 Upper Rock gardens, Brighton 

d 2 
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1886 gKiDSTON, Robert, LL D,FRS,FBSE,FGS 12 Clarendon 
place, Stirling 

1901 *Kiep, J N 137 West George street, Glasgow 
1886 ♦Kilgour, Alexander Loirston House, Cove, near Aberdeen 
1914 §Kiliani, R Imperial German Consulate, Pitt street, Sydney 
NSW 

1896 ♦KiUey, George Deane, J P Bentutber, 11 Victoria road, Waterloo, 
Liverpool 

1890 {Kimmins, C W , M a , D So Canon’s House, St Thomas- 
street, Southwark, S E 

1875 ♦Kinoh, Edward F I C , Professor of Chemistry m the Royal 

Agncultural College, Cirencester 

1876 *King, F Ambrose Avonside, Clifton, Bristol 

1914 §King Miss Georgina Spnngficld, Darhnghurst, N S W 
1871 ’•‘King, Rev Herbert Poole The Rectory, Stourton, Bath 
1883 'King, John Godwin Stonelands, East Gnnstead 
1883 ♦King, Joseph, M P Sandhouse, Witley, Godalmmg 

1908 §King, Professor L A L, MA St Mungo’s College Medical 

School, Glasgow 

1860 ♦King, Mervyn Kersteman Merchants’ Hall, Bristol 
1912 *King, W B R,BA,FGS Geological Survey, Jermyn street, 
SW 

1912 {Kmg, W J Harding 25 York House, Kensington, W 

1870 tKmg, William, M Inst C E 6 Beach lawn, Waterloo, Liverpool 

1913 *King, William Wickham, F G S Winds Point, Hagley, near 

Stourbridge 

1909 |Kmgdon, A 197 Yale avenue, Winnipeg, Canada 
1903 f Kingsford, H S , M A 8 Elsworthy terrace, N W 

1900 JKiPPmo, Professor F Stanley, D So , Ph D , F R S (Pres B, 

1908 ) University College, Nottingham 
1899 ♦Kirby, Miss C F 8 Windsor court Moscow road, W 

1913 §Kirkaldy, Professor A W , M Com The University, Edmund 

street, Birmingham 

1901 §Kitto, Edward 2 Great Headland terrace, Preston, Paignton, 

South Devon 

1914 §Knibbs, G H,CMG, ERAS, ESS Commonwealth Bureau oi 

Statistics Melbourne 

1886 :|:ICnight, Captain J M , F G S Bushwood, Wanstead, Essex 
1912 §Knipe, Henry R,FLS,PGS 9 Linden-park, Tunbridge Wells 
1888 JKnott, Professor Cargill G,DSc,FRSE 42 Upper Gray 

street, Edinburgh 

1887 ♦ICnott, Herbert, J P Sunnybank, Wilmslow, Cheshire 

1887 *Knott, John F Edgemoor, Burbage, Derbyshire 

1906 ♦Knowles, Arthur J , BA, M Inst C E 10 Banluiry load 
Wolvercote, Oxford 

1874 fICnowles, Wilham James Fhxton place, Ballymena, Co Antrim 

1902 ^ Kyle, LL D 1 College gardens, Belfast 

1875 ♦Knubley Rev E P , M A Steeple Ashton Vicarage, Trowbridge 
1883 {Knubley, Mrs Steeple Ashton Vicarage, Trowbridge 

1890 ♦Krauss, John Samuel, B A Stonycroft, Knutsford road, Wilms- 
low, Cheshire 

1888 ♦Kunz, G F , M A , Ph D Care of Messrs Tiffany & Co , 11 Union- 

square, New York City, USA 

1903 ♦Lafontame, Rev H C de 62 Albert court, Kensmgton Gore, S W 
1909 {Laird, Hon David Indian Commission, Ottawa, Canada 

1904 {Lake, Phihp St John’s College, Cambndge 
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1904 j:Lamb, C G Ely Villa, Gbsson road, Cambridge 

1889 '''Lamb, Edmund, M A Borden Wood, Liphook, Hants 
1887 JLamb, Horace, M A , LL D , D So , F K S (Pres A, 1904), Pro- 
fessor of Mathematics in the Victona Umversity, Manchester 
6 Wilbraham road, Fallowfield, Manchester 
1903 %Lambertf Joseph 9 W estTnorelavd roady Soyihport 
1893 *Lampluoh, G W,FRS,FGS (Pres C, 1906 ) 13 Beaoonsfield- 
road, St Albans 

1911 §Lane, Chailc'^ Care of John Sinderson & Co, William street, 
Melbourne 

1898 *LANa, Wiliam H , M B , F R S , Piofessor of Ciyptogamic Botany 
m the University of Manchester 2 Heaton road, Withmg- 
ton, Manchester 

1886 *LANGLEy, J N,MA,DSc,FRS (Pres I, 1899 , Council, 

1904-07), Professor of Physiology in the Umversity of Cam- 
bridge Tnmty College, Cambn^e 

1836 JLankestbb, Sir E Ray, KC B, MA, LLD, DSo, FRS 
(President, 1906 , Pres D, 1883 , Council, 1889-90, 1894-95, 
1900-02 ) 331 Upper Richinond-road, Putney, S W 

1880 *Lansdbll, Rev Henry, BD, FRAS, FRGS Dimsdale, 

4 Pond road, Blackheath Park, London, S E 

1884 ^Lanza, Professor G Massachusetts Institute of Technology, 

Boston, USA 

1911 ILapthorn, Miss St Bernard’s, Grove road South, Southsea 

1885 JLapworth, Charles, LL D , FRS, F G S (Pres C, 1892 ) 

38 Calthorpe road, Edgbaston, Birmingham 
1909 ILarard, C ht , 4ssoc M Inst C E 14 Le aside avenue, Mus\^ell 
Hill, N 

1887 Alexander Craglands, Helen’s Bay, Co Down 

1881 {Larmob, Sir Joseph, M A , D Sc , F R S (Pres A, 1900), Lucasian 

Professor of Mathematics in the Umversity of Cambndge 
St John’s College, Cambridge 

1883 JLascelles, B P , M A Headland, Mount Park, Harrow 
1870 ’"Latham, Baldwin, M Inst C E , F G S Parhament mansions, 
Westminster, S W 

1911 §Lattey, R T 243 Woodstock lo id, Oxfoid 
1900i JLauder, Alexander, Lecturer in Agricultural Chemistry in the Edin 
burgh and East of Scotland College of Agnculture, Edmburgh 
1911 §Laurie, Miss CL 1 Vittoria walk, Cheltenham 

1913 ’"Laurie, Mrs E B 11 Marine parade, Hoy lake 

1892 JLaurie, Malcolm, BA, D Sc , F L S School of Medicine, Sur- 
geons’ Hall, Edinburgh 

1907 ’"Laune, Robert Douglas, M A Department of Zoology, The Uni 

versity, Liverpool 

1870 ’"Law, Channell llsham Dene, Torquay 

1905 i^Lawrence, Miss M Roedean School, near Bnghton 

1911 ’"Lawson, A Anstruther, DSo, FRSE, FLS, Prole^bor of 
Botany in the Umversity, Sydney, NSW 

1908 fLawson, H S , B A Buxton College, Derbyshue 

1908 JLawson, William, LL D 27 Upper Fitzwilliam street, Dubhn 

1914 ^Layaid, J W King s College, Cim budge 

1888 JLayard, Miss Nina F , F L S Rookwood, Fonnereau road, Ipswich 

1913 §Lea, F C , D So 3b Mayfield road, Moseley, Birmingham 
1883 ’"Leach, Charles Catterall Seghill, Northumberland 

1914 Pleach, T H dc Blois Yaidley Lodge, Click load, Oxfoid 
1394 ’"Leahy, A H , M A , Professor oi Mathematics m the Umversity of 

Sheffield 92 Ashdell road, Sheffield 
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1905 tLeake, E O 5 Hamson street. Johannesburg 
1901 *Lean, George, B Sc S Park quadrant, Glasgow 

1904 ♦Leathern, J G St John’s College, Cambridge 

1884, ♦Leavitt, Erasmus Darwin 2 Central square, Cambndgeporl, 
Massachusetts, USA 

1872 JLeboub, G A , M A , D So , Piofessor of Geology m the Aimstrong 
College of Science, Newcastle on Tyne 
1910 §Lebour, Miss M V , M Sc Zoological Department, The University, 
Leeds 

1912 §Lechmere, A Eckley, M Sc Townhope, Hereford 

1895 ♦Ledger, Rev Edmund Protea, Doods road, Reigate 
1014 ^I.eo, Charles Alfred Tcnteiheld, ^ S W 

1910 *Lee, Ernest Biikbeok College, Chancery lane, E C 

1896 §Lee, Rev H J Barton 126 Mile End lane, Stockport 

1907 fLee, Mrs Barton 126 ISIile End lane, Stockport 

1900 *§Lee, T L 2(> Broadway, New" Irork Cit 3 ", USA 

1909 JLee, Rev J W , D D 6068 Washington avenue, St Louis, 
Missouii, USA 

1894 *Lee, Mrs W The Nook, Foiest Row, Sussex 

1909 JLeeming, J H , M D 406 Devon court, Winnipeg, Canada 

1905 %Lees, Mrs A P Care of Dr Norris Wolfenden, 76 Wimpole 

street, W 

1892 *Lees, Charles H , D Sc , F R S , Professor of Physics in the 
Fast London College, Mile End Greenacres, Woodside load, 
Woodford Green, Essex 

1912 iLees, John Pitscottie, Cupar Fife, N B 
1880 ‘‘Lees, Lawrence \\ L\a tone, Bunt Gu on 

1906 JLees, Robert Victona street, Fraserburgh 

1889 ♦Leeson, John Rudd, MD, CM, FLS, FGS Olifdeii House, 

Tw ckenham, Middlesex 
J 906 JLeetham, Sidney Elm Bank, York 
1912 {Legqat, W G Bank of Scotland, Dundee 

1912 4 Legge, James G Municipal Bmldings, Liverpool 

1910 §Leigh, H S Brentwood, Worsley, near Manchester 

1891 JLeigh, W W Glyn Bargoed, Treharns, R S O , Glamorganshire 
1903 JLeighton, G R, MD, FRSE Local Government Board, 
Edinburgh 

1906 JLeiper, Robert T , MB, F Z S I^ondon School of Tiopical 
Medicine, Rojal Albert Dock, E 
1906 JLeitch, Donald PO Box 1703, Johannesburg 

1913 §Leith Professor R F C Pathological Laboratory, The University, 

Birmingham 

1903 *Lempfert. R G K , M A 66 Sydney street, S W 

1908 JLentaigne, John 42 Mernon square, Dublin 

1887 ’^Leon, John T , M D , B Sc 23 Grove road, Southsea 

1901 § Leonard, J H B Sc 31 Gunters tone road, West Kensington, W 

1914 §Le Souef W HD CMZS Zoological Gaidens Pukville, 

A 1 C toil i 

1913 ‘ Lessing, R , Ph D 317 High Holborn WC 

1912 *Lessner, C B , Assoc M Inst C E , F C S Carril, Spam 

1890 *Lester, Joseph Henry 6 Grange drive, Mon ton Green, Manchester 

1904 ♦Le Sueur, H R , D Sc Chemical Laboratory, St Thomas’s 

Hospital S E 

1900 Professor E A, DSc, FRSE Queen’s University, 

Belfast 

1896 JLever, Sir W H, Bait 'Fhornton Manor, Thornton Hough, 
Cheshire 
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1913 §Levick, John Lmngstone House, Livingstone road, Haiidsworth, 
Birmingham 

1887 ♦Levinstein, Ivan Hawkesmoor, Fallowfield, Manchester 

1893 *Lbwbs, Vivian B , F C S , Professor of Chemistry in the Royal 

Naval College, Greenwich, S E 

1904 *Lewis, Mrs Agnes S , LL D Castle Brae, Chesterton lane. Cam 
bridge 

1870 JLbwis, Alfred Lionel 36 Beddington gardens, Wallington, 
Surrey 

1891 tLewis, Professor D Morgan, M A University College, Aberystwyth 
1913 §Lewis, E O Gw3nifa, Alma street, Brynmawr 

1899 JLewis, Professor E P University of California, Berkeley, USA 
1910 §I L\Ms Frvncis T, U Sc , PLS, Piofcssoi of Biologv m the 

Univcisity ot Alberti Edmonton, Albeit i, Canada 
1904 JLewis, Hugh Glanafrau, Newtown, Montgomeryshire 

1910 *Lewis, T G West Home, West road, Cambridge 

1911 §Lewis, W C McC , M A , 11 Sc , Professor of Physical Chemistry 

in the University of Liverpool 

1906 JLiddiard, James Edward, FRGS Rodborough Grange, Bourne- 
mouth 

1913 *Lilhe, D G St John’s College, Cambridge 

1908 JLilly, W E , M A , Sc D 39 Tnnity College, Dubhn 

1904 JLink, Charles W 14 Chichester road, Croydon 

1898 JLippincott, R C Cann Over Court, near Bristol 

1913 *Li&hman, G P , D Sc , F I C Chemical Laboiatory, Lambton 

Coke Works, Fence Houses, Co Durham 

1888 JLister, J J,MA FRS (Pres D, 1906 ) St John’s College, 

Cambridge 

1861 ♦Liveing, G D, M 4, FRS (Pres B, 1882, Council, 1888-95, 
Local Sec 1862 ) Newnham, Cambridge 
1876 *LiVLRSiDaE, Archibald, MA FRS, FCS,FGS, FRGS 
Fieldhead, George ro id, Kingston Hill, Surrey 

1902 §Llewellyn, Evan Working Men’s Institute and Hall, Blaenavon 

1912 §Lloyd INIiss Dorothy Joidan 16 Ampton road, Edgbaston, 

Birmmgh im 

1909 §Lloyd, George C , Secretary of the Iron and Steel Institute 28 

Victoria street, S W 

1903 JLloyd, Godfrey I H The University of Toronto, Canada 

1892 JLoch, C S D C L Demson House, Vauxhall Bridge road S W 

1905 JLochrane, Miss T 8 Prince’s gardens, Dowanhill, Glasgow 

1904 JLock, Rev J B Heischel House, Cambridge 

1863 JLockyer, Sir J Norman, K C B , LL D , D Sc ,F R S (President, 
1903 , Council, 1871-76, 1901-02 ) 16 Penywem road, S W 

1902 *Lockyer, Lady 16 Penywern road, S W 

1914 §Lockyei Oimonde H S 120 Webstei '-tiv.i 1, 1> \ll ii il, Victoii i 

1900 §Lockyer W j S , Ph D 10 Penywern road, S W 

1886 *Lodqe, Alfred, MA (Council, 1913- ) The Croft, Pepor 

haiow road, Godalmmg 

1914 §Lodge, Mjss Lorn i L Maiic mont, Pklgb ist m, Biinungliiin 
1914 §Lodge, Miss Noiah M Maiiciuont, PMgba^ton, Biiminghim 
1875 ♦Lodge, Sir Oliver J , D Sc , LL D FRS (President, 1913 , 
Pies A, 1891 , Comicil, 1891-97, 1899-1903, 1912-13), 
Principal of the Umversity of Birmingham 
1914 §Lodge, Ltidv Mxiicmont, Edgbaston, Bn minis htim 

1894 *Lodge, Olivei W F Mariemont, Edgbaston, Birmingham 

1 899 §Loncq, Emile 6 Rue de la Plaine, Laon, Aisne, France 

1903 JLong, Frederick The Close, Norwich 
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1905 W ^ Engineer’s Office, C^e Town 

1883 *Long, William Thelwall Keys, near Warrington 
1910 ♦Longden, G A Stanton by Dale, Nottingham 

1904 ♦Longden, J A , M Inst C E Chislehurst, Marlborough road, 
Bournemouth 

1898 ♦Longtield, Miss Gertrude Belmont, High Halstow, Rochester 
1901 ♦Longstaff, Captam Frederick V , F R G S No 1252 Post Office, 

Victoria, B C , Canada 

1875 *Longstaff, George Blundell, MA,MD, FCS,FSS Highlands, 

Putney Heath, S W 

1872 ’■‘LongstafiE, Lieut -Colonel Llewellyn Wood, F R G S Ridgelands, 
Wimbledon, S W 

1881 *Longstaff, Mrs LI W Ridgelands Wimbledon, S W 

1899 *Long8taff, Tom G , M A , M D Picket Hill, Ring wood 

1903 %LotQn, John, M A 23 HawJcahead street, Southport 

1S97 JLoudon, James, LI D , President of the Umversity of Toronto, 
Canada 

1883 *Louis, D A , F G S , F I C 123 Pall Mall, S W 
1896 j;Loms, Henry, D So , Professor of Mimng in the Armstrong College 
of Science, Newcastle on Tyne 

1887 *Lovb, a E H,MA,DSc, FRS (Pres A, 1907), Professor 
of Natural Philosophy in the Umversity of Oxford 34 St 
Margaret’s road, Oxford 

1886 *Love, E F J , M A , D Sc The Umversity, Melbourne, Australia 

1904 *Love, J B , LL D Outlands, Devonport 

1876 *Love, James, FRAS,FGS,FZS 33 Clanncarde gardens, W 

1908 §Low, Alexander, M A , M D The University, Aberdeen 

1909 JLow, David, M D 1927 Scarth street, Regina, Saskatchewan, 

Canada 

1912 {Low, William Balmakewan, Sea view, Momfieth 

1885 §Lowdell, Sydney Poole Baldwin's Hill, East Gnnstead, Sussex 
1891 §Lowdon, John St Hilda’s, Barry, Glamorgan 

1885 *Lowe, Arthur C W Gosheld Hall, Halstei^, Essex 

1886 ♦Lowe, John Landor, B Sc , M Inst C E Spondon, Derbyshire 
1894 JLowenthal Miss NeUie Woodside, Egerton, Huddersfield 
1903 ♦Lowry, Dr T Martin, F R S 130 Horseferry road, S W 

1013 §Luc\s, Sir CiiUiiPs P, KCB, KCMG (Pics E, 1914) 05 

St Geoigc ’s sipiire, S W 

1913 §Lucas, Harry Hilver, St Agnes road, Moseley, Birmingham 
1901 ♦Lucas, Keith, FRS Trinity College, Cambridge 

1891 *Lucovich, Count A Tyn y pare, Whitchurch, near Cardiff 

1906 :);Ludlam, Ernest Bowman College Gate, 32 College road, Clifton, 

Biistol 

1866 *Lur d, Charles Hkley, Yorkshire 

1 883 ♦Lupton, Arnold, M Inst C E , F G S 7 Victoria street, S W 

1914 §Lupton, Mrs 7 Victoria strett, S W 

1874 ♦Lupton, Sydney, M A (Local Sec 1890 ) 102 Park street, 

Grosvenor square, W 

1898 JLuxmoore, Dr C M , F I C , 19 Disiaeli gardens. Putney, S W 

1903 JLyddon Ernest H Lasvane, near Cardiff 

1871 :fLyell, Sir Leonard, Bart , F G S Kmnordy, Kirriemuir 

1914 ^Lylb, Professoi T R , M A , F R S living load 1 ooi ak, yictuii i 

1884 I Lyman, H H 384 St Paul street, Montreal, Canada 

1912 ♦Ljmch, Arthur, M A , M P 80 Antrim mansions, Haveistock 
Hill NW 

1907 ♦Lyons, Captam Henry George, D Sc , FRS (Council, 1912- ) 

3 Durham place, Chelsea, S W 
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1908 }Lyster, George H 34 Dawson street, Dublin 

1908 {Lyster, Thomas W , M A National Library of Ireland, Kildare 

street, Dublm 

1905 {Maberly, Dr John Shirley House, Woodstock, Cape Colony 
1868 JMaoalisteb, Alexander, M A , M D , F R S (Pres H, 1892 , 
Council, 1901-00), Professor of Anatomy in the University of 
Cambridge Tomsdale, Cambridge 

1878 JMacAlistbb, Sit Donald, ELC B , Xl A , M D , LL D , B So , 

Principal of the University of Glasgow 
1904 tMacalister, Miss MAM Tomsdale, Cambridge 
1896 JMacallum, Professor A B,PhD, DSc,PRS (Pres I, 1910 , 
Local Sec 1897 ) 59 St George street, Toronto, Canada 
1914 §McAlpine, D Bcrkelev stiett, Hiwthoin Victoria 

1879 §Maciimdrew, James J , P L S Lukesland, 1 vybndge. South Devon 

1883 JMacAndrew, Mrs J J Lukesland, Ivybndge, South Devon 

1909 JMacArthur, J A , M D Canada Life Building, Wmnipeg, Canada 
1896 *Macaulay, P S , M A The Cliesters, Vicarage road. East Sheen 

S W 

1904 ♦Macaulay, W H King’s College, Cambiidge 
1896 tMAcBRiDE, E W , M A , D Sc , P K S , Professor of Zoology in the 
Imperial College of Science and Technology, S W 
1902 *Maccall, W T , M So Technical College, Sunderland 
1912 {McCallum, George Pisher 142 St Vincent street, Glasgow 
1912 ^McCallum, Mrs Lizzie 142 St Vincent street, Glasgow 

1886 JMacCarthy, Rev E P M , M A 50 Harbome road, Edgbaston, 

Birmmgham 

1908 §McCarthy, Edward Valentme, J P Ardmanagh House, Glenbrook, 

Co Cork 

1909 {McCarthy, J H Public Library, Winnipeg, Canada 

1884 ♦McCarthy, J J , M D 11 Wellington road, Dubhn 

1887 *McCartlij, James 1 Sydney place, Bath 

1904 §McClean, Frank Kennedy Rusthall House, Tunbndge Wells 
1902 {McClelland, J A , M A , F R S , Professor of Physics in Umversity 

College, Dublin 

1906 {McCluie, Rev E 80 Eccleston square, S W 
1914 ^McColl, Miss Ad i Post Ollice, Paikville, Victoiia 
1878 *M ‘Comas, Heni> 12 Elgm road, Dubhn 

19()S $^McCo\iBir, Hamilton M A , Ph D The Unuersity, Bunn i^lixm 
19 H Coniine IMis Hamilton The Unueisity, Birmingham 

1901 ♦MacConkey, Alfred Lister Lodge, Elstree, Herts 
1901 {McCiae, John, Ph D 7 Kirklee gardens, Glasgow 
1912 {MacCulloch, Rev Canon J A , D D The Rectoiy, Bridge ot Allan 

1905 ^McCulloch, Pnncipal J D Free College, Edinburgh 
J904 {McCulloch, Major T , R A 68 Victona street, S W 

1909 {MacDonald, Miss Eleanor Fort Qu’ Appelle, Saskatchewan, Canada 

1904 {Macdonald H M , M A , F R S , Professor of Mathematics in the 

University of Aberdeen 

1905 {McDonald, J G P O Box 07, Bulawayo 

1900 {MacDonald, J Ramsay, M P 3 Lincoln’s Inn holds, W C 

1905 f M acdonald, J S , B A (Pies 1, 1911), Piofessor of Physiology in 

the Uiiiveisity ot Sheffield 

] 8S4 ♦Macdonald, Sir W C 449 Sherbrooke street West, Montreal , Canada 
1909 {MaoDonell, John, M D Portage avenue, Wmmpeg Canada, 

1909 ♦MacDougall, R Stewart The Umversity, Edmburgh 

1912 {McDougall, Dr W , F R S Woodsend, Foxcon^e Hill, near 

Oxford 
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1908 JMoEwen, Walter, J P Flowerbank, Newton Stewart, Scotland 
1906 §MoFar)ane, John,M A 48 Parsonage road, Withington, Manchester 
1885 f Maofarlane, J M,DSc,FRSE, Professor of Biology m the 

University of Pennsylvania Lansdowne, Delaware Co , Penn 
sylvania, USA 

1901 JMaefee, John 6 Greenlaw terrace, Paisley 

1909 jMaegaohen, A F D 281 River avenue, Winnipeg, Canada 
1888 JMacGeorge, Janies 8 Matheson road, Ken»=iington, W 

1908 JMoGrath, Sir Joseph, LL D (Local Sec 1908 ) Royal University 
of Ireland, Dubhn 

1908 t^cGregor, Charles Training Centre, Charlotte street, Aberdeen 

1906 (MACGBEaoR, D H , M A Trinity College, Cambridge 

1902 %McIlroy, Archibald Glenvale, Drunibo, Lisburn, Ireland 

1867 *McIntosh, W C,MD,LLD,FRS.FRSE,FLS (Pres D, 
1885), Professor of Natural History in the University of 
St Andrews 2 Abbotsford crescent, St Andrews, N B 

1909 {McIntyre, Alexander 142 Maryland avenue, Winnipeg, Canada 
1909 {McIntyre, Daniel School Board Offices, Winnipeg, Canada 

1912 ifMcIntyre, J Lewis, M A , D Sc Abbot sville, Cults, Abeideen 

shire 

1909 {McIntyre, W A 339 Kennedy street, Winnipeg, Canada 
18S4 §MacKay, A H , B Sc , LL D , Superintendent of Education 
Education Office, Hah fax. Nova Scotia, Canada 

1913 ’•‘Mackay, John 85 Bay street, Toronto, Canada 

1885 {Mackay, John Yule, M D , LL D , Principal of and Professor of 
Anatomy in University College, Dundee 
1912 §Mdckay, R J 27 Arkwright road, Hampstead, N W 

1908 {McKay, William, J P Chfford chambers, York 

1909 §McKee, Dr E S Sinton and Nassau streets, Cincinnati, USA 
1873 {McKbndrick, John G , M D , LL D, FRS, FRSE (Pres I, 

1901 , Council, 1003-09), Emeritus Professor of Pliy^siology 
in Ihe University of Glasgow Maxieburn, Stonehaven, N B 

1909 {MoKenty, D E 104 Colony street, Winnipeg, Canada 

1907 {McKenzie, Alexander, M A , D Sc , Ph D Birkbcck College, 

Chancery lane, W C 

1905 {Mackenzie, Hector Standard Bank of South Africa, Cape 
Town 

1897 {McKenzie, John J 61 Madison avenue, Toi onto Canada 

1910 {Mackenzie, K J J , M A 10 Richmond road, Cambridge 

1909 §MaoKenzie, Kenneth Royal Alexandra Hotel, Winnipeg, Canada 
1901 *Mackenzie, Thomas Brown Netherby, Manse road, Mothei well, N B 

1912 §Mackenzie, Wilham, J P 22 Meadowsidc, Dundee 

1872 *Mackey, J A United University Club, Pall Mall East, S W 
1901 {Mackie, Wilbam, M D 13 North street, Flgin 
1887 {Mackinder, H J,MA,MP,FRGS (Pres E, 1895 , Council, 
1904-05 ) 25 Cadogan gardens, S W 

1911 {Mackinnon, Miss D L University College, Dundee 

1893 ’•'McLaren, Mrs E L Colby, M B , Ch B 137 Tcttonhall road, 
Wolverhampton 

1901 *Maclaren, J Malcolm Royal Colonial Institute, Northumber 
land Avenue, W C 

1913 §McLaren, S B University College, Readmg 
1901 {Maolay, William Thomwood, Langside, Glasgow 
1901 {McLean, Angus, B Sc Harvale Meiklenggs Paisley 

1892, *Maolban, Magnus, MA,DSo,FRSE (Local Sec 1901), Pro 
fessor of Electrical Engineering, Technical College, Glasgow 

1912 ^McLean, R C , B Sc Duart, Holin»=*s load, Reading 



WST OF MEMBERS l‘)14 


59 


Ycir of 
LIc( tioii 

1%8 IMcLennan, J C , Professor of Physics in the University of 
Toronto, Canada 

1868 §McLeod, HERBERr, LLB, PRS (Pres B, 1892, Council, 
1885-90 ) 37 Montague road, Richmond, Surrey 

1909 ;[:MaoLeod, M H CNR Depot, Winnipeg, Canada 
1883 JMacMatton, Major Percy A, D Sc , LL D , PRS (Irustei, 
1913- , General SrcRFi ARY, 1902-13 , Pres A, 1901 , 

Council, 1898-1902 ) 27 Evelyn mansions, Carlisle place, 

S W ^ 

1909 JMcMillan, The Hon Sir Daniel H, KCMG Government 
House, Winnipeg, Canada 

1902 JMcMordie, Robert J Cabin Hill, Knock, Co Down 
1914 §Macnicol, AN 31 Queen stieet, Melbourne 
1878 {Macnie, George 59 Bolton street, Dubhn 

1905 §Macphail, Dr S Rutherford Rowditch, Derby 

1909 ;|:MaoPhail, W M P 0 Box 88, Winnipeg, Canada 

1907 JMacrosty, Henry W 29 Hervey road. Black heath, S E 

1906 jMacturk, G W B 15 Bowlalley lane, Hull 

1908 jMcVittie, R B , M D 62 Fitz william square North, Dublin 
1908 jMoWalter, J C , M D , M A 19 North Earl street, Dublin 
1902 jMoWeeney, Professor E J , M D 84 St Stephen’s green, Dublin 

1910 JMc William, Dr Andrew Kilimate, B N R , near Calcutta 

1908 JMadden, Rt Hon Mr Justice Nutley, Booterstown, Dublm 
1905 JMagenis, Lady Louisa 34 T ennox gaideiis, S W 

1909 jMagnus, Laurie, M A 12 Westboume terrace, W 

1875 ♦Magnus Sir Philip, B Sc , B A , M P (Pres L, 1907 ) 16Glouces 
ter terrace, Hyde Park, W 

1908 ♦Magson, Egbert H M estminster College, Hoisefcrry road, S W 

1907 ’•Mair Dwid Ci\il Scivicc Commission Bui Imgton gardens W 
1902 *Mairet, Mrs Ethel M The Th itched House, Shottery, Stratfoid 

on Avon 


1914 ijMutlird A Gibb C^i^nlotric il Siiivc y, I’cith, \\ tstiin Austi ilii 

1913 I Maitland, T Gwynne, M D The IJniversity, Edmund street, 

Birmingham 

1908 *Makower, W The University, Manchester 

1914 §Malmowski, B London School of Economics, Clare Market, W C 

1912 JMalloch, James, M A , PSA (Scot ) Training College, Dundee 

1905 $Maltby, Lieutenant G R , R N 54 St George’s square, S W 

1897 JMancl, Sir H C Old Woodbury, Sandy, Bedfordshire 

1903 jManifold, C C 16 St James’s square, S W 

1894 jManning, Percy, M A , E S A Watford, Herts 

1887 *March, Henry Colley, M D , ESA Portesham, Dorchester 
Dorsetshire ' 


1902 

1912 

1898 

1911 

1900 

1864 

1905 


♦Marchant, Dr E W The University, Liverpool 
§Marchant, Rev James, ERSE 42 Great Russell stieet, W C 
♦Mardon, Heber 2 Litfield place, Clifton Bnstol 
♦Marlii K R,DSc Exctei College, Oxloid 
JMargenson, Samuel Calverley Lodge, near Leeds 
JMabkham, Sir Clements R, KCB, PRS, ERGS, PSA 
(Pies E, 1879, Council, 1893-96 ) 21 Eccleston square, S W 
§Marks, Samuel P O Box 379 Pretona 


1905 

1881 

1903 


JMarloth, R , M a , Ph D P O Box 359, Cape Town 
♦Marr, j E , M a . D Sc , F R S , F G S (Pres C, 1896 , Council 
1896-1902, 1910-14 ) St John’s College, Cambridge 
tMamott, William Royal Meteorological Society, 70 Victoria 
street, S W 


1892 *Marsden Smedley, J B Lea Green, Cromford, Derbyshire 
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1883 ^Marsh, Heiiiy Carpenter 3 Liower James street. Golden 

square, W 

1887 (Marsh, J E , M A , F R S Umv^ersity Museum, Oxford 
1889 ’'‘Marshall, Alfred, M A , LL D , D So (Pres F, 1890 ) Balliol 
Croft, Madmgley road, Cambridge 

1912 (Marshall, Professor C R , M A , M D The Medical School, 

Dundee 

1904 (Marshall, F H A University of Edinburgh 

1906 (Marshall, G A K 6 Chester place, Hyde Park square, W 

1901 XMarahaU, Robert 97 WelUrigton street, Glasgow 

1907 (Marston, Robert 14 Ashleigh road, Leicester 

1899 (Martin, Miss A M Park View, 32 Bayham road, Sevenoaks 
1911 §Martin, Professor Charles James, M B , D So , F R S , Director 
of the Lister Institute, Chelsea gardens, S W 

1884 §M'artin, N H,JP,FRSE,FLS Ravenswood, Low Fell, 

Gateshead 

1889 ♦Martin, Thomas Henry, Assoc M Inst C E Windermere, Mount 
Pleasant road, Hastings 

1912, (Martin, W H, Blyth (Local Sec 1912 ) City Chambers, 
Dundee 

1911 §Martindell, E W , M A Royal Anthropological Institute, 50 Great 
Russell street, W C 

1913 (Mariinlau, Lieut Colonel Ernest, V D Ellerslie, Augustus 

road, Edgbaston, Birmingham 

1913 §Martineau, P E The White House, Wake Green road, Moseley, 
Birmingham 

1907 (Masefield, J R B , M A RosehiU, Cheadle, Staffordshire 

1905 ♦Mason, Justice A W Supreme Court, Pretoria 

1913 ♦Mason, Edmund W , BA 2 York road, Edgbaston, Bir 
mmgham 

1893 ♦Mason, Thomas Enderleigh, Alexandra Park, Nottingham 
1913 (Mason, William Engmeermg Laboratory, The University, 

Liverpool 

1891 ♦Maasey, VVilham H , M Inst C E Twyford, R S O , Berkshire 

1885 §Masson, David Oi me D Sc , I ll S , Professoi of Chemistry in 

the University of Melbourne 
1910 (Masson, Irvine, M Sc UjJi\cr'^itv College WC 
1905 §Massy, Miss Mary 2 Duke street, Bath 

1901 ♦Mather, G R Boxlea, Wellmgborough 

1910 ♦Mather, Thomas, F R S , Professor of Electrical Engineoiing m the 
City and Guilds of London Institute, Exhibition road, S W 
1887 ♦Mather, Right Hon Sir William, M Inst C E Salford Iron Works, 
Manchester 

1909 (Mathers, Mr Justice 16 Edmonton street, Winnipeg, Canada 

1913 §Mdtheson, Mlss M Cccilo Biimingham omen’s Settlement, 

318 Summer laiu, Bu mmgham 

1908 (Matheson, Sir R E , LL D Charlemont House, Rutland square, 

Dublm 

1894 (Mathews, G B,MA, FRS 10 Menai View, Bangor, North 

Wales 

1902 (Matley, C A,DSc Military Accounts Department, Naina lal, 

U P , India 

1904 (Matthews, D J The Laboratory, Citadel Hill, Plymouth 
1899 ♦Maufe, Heibert B, BA, FGS PO Box 168, Bulawayo, 
Rhodesia 

1914 §Maughan, M M , B A , Dircctoi of Education Parkside, South 

Australia 
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1893 JMavor, Professor James Umversity of Toronto, Canada 

1894 §Maxim, Sir Hiram S Thnrlow Park, Norwood road, West 

Norwood, S E 

1905 *Maylard, A Ernest 12 Blythswood square, Glasgow 
1905 JMaylard, Mrs 12 Blythswood square, Glasgow 

1878 *Mayne, Thomas 19 Lord Edward street, Dubhn 

1904 {Mayo, Rev J , LL D 6 Warkworth terrace, Cambndge 

1912 §Meek, Alexander, M So , Professor of Zoology m the Armstrong 

College of Science Newcastle on T 3 nie 

1913 §Megson, A L The Elms, Vale road, Bowdon 

1879 §Meiklejohn, John W S , M D 105 Holland road, W 

1905 {Mem, W W P O Box 1145, Johannesburg 

1881 *Mbldola, Raphael, DSc,LLI),FRS,FCS,FIC,FRAS, 
FES, Officier de I’lnstr Publ France (Pres B, 1895 , 
Council, 1892-99, 1911- ), Professor of Chemistry in the 
Finsbury Technical College, City and Guilds of London 
Institute 6 Brunswick square, W C 

1908 {Meldrum, A N , D Sc Chemical Department, The University, 

Manchester 

1883 {Melhs, Rev James 23 Part street, Southport 
1879 *Mellish, Henry Hodsock Pnory, Worksop 
1881 §Melrose, James Chfton Croft, York 

1905 *Melvill, E H V,FGS,FRGS PO Val, Standerton District, 
^Pransvaal 

1001 iMennell, F P F G S 49 Ijomlon W ill E 0 

1913 *Mentz Tolley, Richard Moseley Court, near Wolverhampton 

1909 {Menzies, Rev James, M D Hwaiohingfu, Honan, China 
1014 §Merodith, Mi*? C M 55 Bryansbum road, Jiingor, Co Down 
1905 {Meredith, H O , M A , Professor of Economics in Queen’s University , 

Belfast 65 Bryansbum road, Bangor, Co Down 
1879 {Mbrivale, John Herman, M A (Local Sec 1889 ) Togston Hall, 
Acklington 

1899 ♦Merrett, William H , F I C Hatherley, Grosvenor road Walling 
ton, Surrey 

1899 {Merryweather, J C 4 Whitehall court, S W 

1889 *Merz, John Theodore The Quames Newcastle upon Tyne 

1914 §Messent \ E The Observatory Adelaide, South Australix 
1905 {Methven, Catheart W Club Arcade, Smith street Durban 

1890 §Metzler, W H, PhD, Professor of Mathematics in Syracuse 

University, Syracuse, New York, USA 
1869 {Miall, Louis C, DSo, FRS, FLS, FGS (Pres D, 1897 , 
P^es L, 1908, Local Sec 1890 ) Norton Way North, Letch- 
worth 

1903 *Micklethwait, Miss Frances MG 15 St Mary’s square, Paddmg 

ton, W 

1912 §Middlemore, Thomas, B A Melsetter, Orkney 
1881 *Middlesbrough, The Right Rev Richard Lacy, D D , Bishop of 
Bishop’s House, Middlesbrough 

1904 {Middleton, T H , C B , M A (Pres M, 1912 ) Board of Agri 

culture and Fisheries, 4 Whitehall place, S W 
1894 *Mibrs, SitH A,MA,DSo,FRS,FGS (Pres C, 1906 , Pres 
L, 1910), Principal of the Umversity of London 23 Wetherby 
gardens, S W 

1886 {Mill, Huoh Robert, D Sc , LL D,FRSE,FRGS (Pres E, 
1901 ) 62 Camden square, N W 

1905 {Mill, Mrs HR 62 Camden square, N W 
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1912 JMHiLAB, Dr A H (Local Sec 1912 ) Albert Institute, Dundee 
1889 *MrLLAii, Robert Cockburn 30 York place, Edinburgh 

1909 §Miller, A P Glen Miller Ontirio, Canadi 

1897 *Miller, G Willet, Provincial Geologist Provincial Geologist’s 

Office, Toronto, Canada 

1896 JMiller, Thomas, M Inst C E 9 Thoroughfare, Ipswich 

1904 JMillis, C T Hollydene, Wimbledon Park road, Wimbledon 

1905 JMills, Mrs A A Ceylon Villa, Blinco grove, Cambndge 
1908 JMills, Miss E A Nurney, Glenagarey, Co Dublin 

1868 ♦Mills, Edmund J , D Sc , F R S , F C S 64 Twyford avenue, 
West Acton, W 

1908 §Mills, John Arthur, M B Durham County Asylum, Wmterton, 
Ferryhill 

1908 §Mills, W H , M Inst C E Nurney, Glenagarey, Co Dublin 

1902 jiMills, W Sloan, M A Vine Cottage, Donaghmore, Newry 

1907 fMilne, A , M A University School, Hastings 

1910 §Milne, J B Cross Grove House, Totley, near Sheffield 

1910 ♦Milne, James Robert, DSc,FRSE 11 Melville crescent, Edin 
burgh 

1903 *Milne, R M Royal Naval College, Dartmouth, South Devon 

1898 *Milner, S Roslington, D Sc The University, Sheffield 

1908 §Milroy, T H , M D , Dunville Professor of Physiology in Queen’s 

University, Belf ist 

1907 §Milton, j H,FGS,FLS,FRGS 8 College avenue, Crosby, 

Liverpool 

1912 §Minchin, E A , M A , F R S Professoi of Protozoology in the 

University of London 53 Cheyne court, Chelsea S W 
1914 §Minchin, Mrs 63 Cheyne-couit, Chelsea, S VV^ 

1901 ♦Mitchell, Andrew Acworth 7 Huntly gardens, Glasgow 

1913 ♦Mitchell Francis W V 25 Augustus road, Kdgbaston, Birming 

ham 

1901 ♦Mitchell, G A 5 West Qegent street, Glasgow 

1909 fMitohell, J F 211 Rupert stieet, Winnipeg, Canada 

1885 JMitchbll, P Chalmers, M A , D Sc , F R S Sec Z S (Pics D, 
1912 , Council, 1906-13 ) Zoological Society, Regent’s 
Park, N W 

1905 ♦Mitchell, W E C Box 129 Johannesburg 

1908 JMitchell W M 2 St Stephen s Green, Dublin 

1914 §Mitchell AAilhxip MA D Sc Jrugh''s PioftssoT of Philosu])hy 

and 1 coiorrne^ m thi Uiiivcr^it}, of ^dcl u h South Ans 
trail! 

1895 ♦Moat, William, M A Johnson Hall, Eccleshall, Staffordshire 

1908 JMoffat, C B 36 Hardwicke street, Dublin 

1905 JMoir, James, D So l^lines Department, Johannesburg 

1906 §Molengraaff, Piofessoi G ^ F Voorstreat 60, Delft, Tlie 

Hague 

1883 JMollison, W L , M A Clare College, Cambndge 
1900 ♦Monokton, H W , Treas L S , F G S 3 Harcourt buildings, 
Temple, E C 

1905 *Moncriefp, Colonel Sir C Scott, GCSI,KCMG,RE (Pres 
G, 1905 ) 11 Cheyne walk, S W 

1905 JMoncneff, Lady Scott 11 Cheyne walk, S W 
1891 ♦Mond, Robert Ludwig, MA,FRSE,FGS 20 Avenue road 
Regent’s Park, N W 

1909 {Moody, A W , M D 432J Mam street, Winnipeg, Canada 
1909, *Moody, G T , D So Lome House, Dulwich, S E 
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1014 §Moody Afis Lome House Diil\^ich, S K 

1012 §Moor?, Bi \ j D Sc F R S (Pres T, 1914 ) 84 Shiewsbuiv 

load, Bnkenhead 

1911 §Moore, E S , Professor of Geology and Mineralogy in the School 

of Mines, Pennsylvania State College, Pennsylvania, USA 
1908 •’‘Moorp, Sir F W Royal Botanic Gardens, Glasnevin, Dublin 

1894 JMoore, Harold E Oaklands, Iho Avenue, Beckenham, Kent 

1908 JMoore, Sir John W , M D 40 Fitzwilliam square West, Dublin 
1001 *Mooie, Robert T 142 St Vincent street, Glasgow 

1905 JMoore, T H Thornhill ViUa, Alarsh, Huddersfield 
1892 JMoray, The Right Hon the Earl of, F G S Kinfauns Castle, 
Pei til 

1912 JMoray, The Countess of Kinfauns Castle, Perth 
1896 *Mordey, W M 82 Victoria street, S VV 

1901 *Moreno, Franc sco P Parani 915, Buenos Aires 

1905 ’'Morgin, Miss Annie Care of London Ciunty and Westmin<^ter 

Bink, Chin eery line, WC 

1895 JMorqan, C Lloyd, F R S , F G S , Professor of Psychology in the 

University of Bristol 

1902 JMorg w, Git BERT T , D Sc , F I C , Professor of Chemistry in the 

Royal College of Science, Dublin 

1902 ^Morgan, Septimus Vaughan 37 Harrington gardens, S W 
1901 *Moiison, James Peith 

1883 *Morley, Henry Forstfr, MA,DSc,FCS 5 Lyndhurst road, 
Hampstead, N W 

1906 jMorrell, H R Scarcroft road, York 

1896 ‘•‘Moriell, Dr R S Tor Lodge, Tettenh ill Wood, Wolverhampton 
1892 fMoRRTb, Sir Daniel, K C M G , D Sc , F L S 14 Crabton close, 

Boscombe, Hants 

1896 ♦Morns, J T 36 Cumberland mansions, Seymour place, W 
1880 §Morris, James 23 Biynymor crescent, Swansea 

1907 fMorris, Colonel Sir W G K C M G Care of Messrs Cox & Co , 

16 Chaiing Cross, W C 

1899 *Morrow, John, M Sc , D Eng Armstrong College, N^wcastle- 
upon Tyne 

1909 {Morse, Morton F Wellington crescent, Winnipeg, Canada 
1886 *Morton, P F 15 Ashley place, Westminster, S W 

1896 ♦Morton, William B , M A , Professor of Natural Philosophy in 
Queen’s University, Belf ist 
1889 ’■Mo^tk\ Mis 48 Woodstock road, Oxfoid 

1913 *Mosoley, Henry Gwyn Jeftioys 48 Wood'stock road, Oxford 
1913 §Mosel\, Alficd West Lodge, Barnet 

1908 {Moss, Dr C E Botany School, Cambridge 

1912 [Moss, Mrs 154 Chesterton load, Cambiidge 

1876 §Moss, Richard Jackson, F I C , M R I A Royal Dublin Society, 
and St Aubyn’s Bally brack, Co Dublin 
1892 *Mostyn, S G , M A , M B Health Office, Houndgate, Darlington 

1913 tMott, Dr F W , F R S 25 Nottingham place, M 
1913 fMottram, V H 256 Lordship lane, East Dulwich, S E 
1912 *Moulton, J C Sarawak Museum, Sarawak 

1878 *Moulton, The Right Hon Lord Justice, M A , K C , F R S 
57 Onslow square, S W 

1899 {Mowll, Mart3m Chaldcrcot, Leybume road, Dover 
1905 JMoylan, Miss VC 9 Canning place. Palace Gate, W 
1905 *Moysey, Miss E L Pitcroft, Guildford, Surrey 

1911 *Moysey, Lewis, B A , M B St Moritz, Ilkeston road, Nottingham 

1912 JMudie, Robert Francis 6 Fmtry place, Broughty Ferry 
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1902 §Muir, Arthur H 7 Don^all square West, Belfast 

1907 *Mu]r, Professor James. 31 Bumbank gardens, Glasgow 
1874 JMuib, M M Pattison, M A Hillorest, Famharn, Surrey 
1909 |Muir, Robert B Gram Exchange building, Winnipeg, Canada 

1912 §Muir, Thomas Scott 19 Seton place, Edinburgh 

1904 {Muir, Wilham, ISO Rowallan, Newton Stewart, N B 

1872 ^Mthbhead, Alexander, DSc,FRS,FCS 12 Carteret street, 
Queen Anne’s Gate, Westminster, S W 

1913 §Muirhead, Professor J H The Rowans, Balsall Common, near 

Coventry 

1905 *Muirhead, James M P , FR S E T)uiilop Rubber Co , 3 Wal 

lace street, Bombay 

1876 *Muirhead, Robert FranMm, BA, D Sc 64 Great George street 
Hillhead, Glasgow 

1902 {Mullan, James Castlerock, Co Derry 

1884 *Muller, Hugo, PhD, PRS, FCS 13 Park square East, 
Regent’s Park, N W 

1904 {Mulhnger, J Bass, M A 1 Bene t place, Cambridge 

1911 {Mumby, Dr B H Borough Asylum, Milton, Portsmouth 

1898 {Mumford, C E Cross Roads House, Bouvene road Folkestone 

1901 *Munby, Alan E 44 Downshiie hill, Hampstead, N W 

1906 {Munby, Frederick J Whixley, York 

1904 {Munro, A Queen’s College, Cambridge 

1909 {Munro, George 188 Roslyn road, Winnipeg, Canada 
1883 ♦Munro, Robert, M A , M D , LL D (Pres H, 1893 ) Elmbanb, 
Largs, Ayrshire, N B 

1909 {Munson, J H , K C Wellington crescent, Winnipeg, Canada 

1914 *Muichison, Roderick Melbourne m insions (Slims street, Mel 

bourne 

1911 XMurdoch, W H F , B 8c 14 HoutU road, Hampstead, N W 
1909 §Murphy, A J Vanguard Manufacturing Co , Dornngton street 

Leeds 

1908 {Murphy, Leonard 150 Richmond road, Dublin 

1908 {Murphy, William M , J P Dartry, Dublin 

1905 {MurrOT, Charles F K , M D Kenilworth House, Kenilworth, 

Ciape Colony 

1903 §Murray, Colonel J D Rowbottom square, Wigan 
1905 §Murray, Sir James, LL D , Litt D Sunnyside, Oxford 

1905 §Murray, Lady Sunnyside, Oxford 

1914 ^Murray, John Tullibardin New Farm Biisbine Au-.tr xln 
1892 {Murray, T S , D Sc 27 Shamrock street, Dundee 

1909 {Murray, W C University of Saskatchewan, Saskatoon Sas- 

katchewan, Canada 

1906 {Mupgrove, Mrs Edith M S , D So The Woodlands, Silverdale, 

Lancashire 

1912 *Musgrove, James, M D , Professor of Anatomy in the University 

of St Andrews 

1870 *Muspratt, Edward Knowles Seaforth Hall, near Liverpool 
i906 {Myddelton Gavey, E H,JP,FRGS Stanton Prior, Meads, 
Eastbourne 

1913 §Myddelton Gavey, Miss Violet Stanton Prior, Meads, East- 

bourne a* 

1902 {Myddleton, Alfred 62 Duncairn street, Belfast 

1902 ♦Myers, Chailes S , M A , M D Great Shelford, Cambridge 
1909 ♦Myers, Henry The Long House, Leatherhead 
1906 {Myers, Jesse A Glengarth, Walker road, Harrogate 
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1890 *Mybbs, John L , M A , F S A (Pres H, 1909 , Counoil, 1909- ), 
Wykeham liofessor of Ancient History m the University of 
Oxford 101 Banbury road, Oxford 
1^)14 *Myreg, Miles Claude 101 Ban})uiy road, Oxford 


1886 jlNAOBL, D H , M A (Local Sec 1894 ) Trinity College, Oxford 
1892 *Naim, Sir Michael B , Bart Kirkcaldy, N B 

1890 JNalder, Francis Henry 34 Queen street, E C 

1908 {Nally, T H Temple Hill, Terenure, Co Dublm 

1909 JNeild, Frederic, M D Mount Pleasant House, Tunbridge Wells 

1883 *Neild, Theodore, M A Grange Court, Leominster 

1914 §Nclsoii, Miss Edith A, MA, M Sc 131 M illiains road, Fist 
Pi all? an V i ctori a 

1914 *Nettlelold J S Winterboui le Edijbaston Piikroad, Bir 
mmgliam 

1914 §Nettlefold, Mis^ Winteibouine Kdgbastoii P irk lo id. Binning 
ham 

1898 *Nevill, Rev J H N , M A The Vicarage, Stoke Gabnel, South 
Devon 

1866 ♦Nevill, The Bight Rev Samuel Tarratt, D D , F L S , Bishop of 
Dunedin New Zealand 

1889 JNevillb, F H , M A , F R S Sidney College, Cambndge 
1889 *Nbwai.Ij,H Frank, M A,FRS,FR AS , Professor of Astrophysics 
in the University of Cambridge Madingley Rise, Cambndge 

1912 ^Newberry, Percy E , M A , Professor of Egyptology m the Uni- 

versity of Liverpool Oldbuiy Place, Ightham, Kent 
1901 JNewbigm, Miss Marion, D So Royal Scottish Geographical Society, 
Edinburgh 

1901 JNewman, F H Tullie House, Carlisle 

1913 §Newman, L F 2 Warkworth street, Cambridge 

1889 JNewstead, A H L , B A 38 Green street Bethnal Green, N E 

1912 *Newton, Arthur U University College, W C 

1892 JNbwton, E T,FRS,FGS Florence House, Willow Bridge- 
road, Canonbury, N 

1914 §Newton, U BulUn, FGS Biiti^h Mubeuin (Natural History), 

South Keiisiiigton, S W 

1914 §\icholls. Dr E Brooke 174 Victoiia stieet, North Melbouinn 
1908 JNioholls, W A 11 Vernliam road, Plumstead, Kent 
1908 JNichols, Albert Russell 30 Grosvenor square, Rathmmes, Co 
Dublin 

1908 §Nioholson, J W , M A , D So Highchffe, Redoar, Yorkshire 

1887 JNicholson, John Carr, J P Moorheld House, Headmgley, 

Leeds 

1884 JNioholson, Joseph S , M A , D So (Pres F, 1893), Professor of 

Political Economy in the Umversity of Edinburgh 

1911 INicol, J C , M A The Grammar School, Portsmouth 

1908 JNixon, The Right Hon Sir Christopher, Bart , M D , LL D , D L 
2 Merrion-square, Dublin 

1863 *Noblb, Sir Andrew, Bart ,KCB,DSc,FRS,FRAS,FCS 
(Pres G, 1890 , Council, 1903-06 , Local Sec 1863 ) Elswick 
Works, and Jesmond Dene House, Newcastle upon Tyne 
1863 §Norman, Rev Canon Alfred Merle, M A , D C L , LL D , 
F R S , F L S The Red House, Beikhamsted 

1888 t Nor man, George 12 Brock street, Bath 

1913 §Norman, Sir Henry, M P The Corner House, Cowley street S W 

1912 JNorrie, Robeit University College, Dundee 

1914 E 
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1913 §Norris, F Edward Seismograph Station, Hill View, Woodbridge 
Hill, Guildford 

1894 §Notcutt, S A , LL M , B A , B So (Local Sec 1895 ) Constitu- 
tion hill, Ipswich 

1909 {Nugent, F S 81 Notre Dame avenue, Winnipeg, Canada 

1910 §Nunn, T Perev, M A , D Sc , Piofos«*oi of Education in the Uni 

versity of London London Da> Trciining College, South 
ampton row, W C 

1913 §Nuttall, T E , M D Middleton, Huncoat, Accrington 
1912 JNuttall, W H Cooper Laboratory for Economic Research, 
Rickmansworth road, Watford 
1908 {Nutting, Sir J ohn, Bart St Helen’s, Co Dublin 


1898 ♦O’Bnen, Neville Forth Fryth, Pyrford, Surrey 
1908 {O’Carroll, Joseph, M D 43 Merrion square East, Dublin 
1913 lOokenden, Maurice A , F G S Oil Well Supply Companj^ Dash 
wood House, New Broad street, E C 

1883 {Odgers, William Blake, M A , LL D , K C 16 Old square, 
Lincoln’s Inn, W C 

1010 ^Odling, Maiinaduke, BA, FG8 Gtological Depaitment The 
University, I^eods 

1858 *Odling, William, MB,FRS, VPCS (Pres B, 1864 , Council, 
186 )-70 ) 15 Norham gardens, Oxford 

1911 *0’Donoghiib, Charles H, D Sc University College, Go^^el 

street, W C 

1908 §0’Farrell, Thomas A , J P 30 Lansdowne road, Dublin 
1902 {Ogden, James Neal Claremont, Heaton Chape J, Stockport 

1913 §Ogilvie, AG 15 Evelyn gardens, S W 

1876 {Ogilvie, Campbell P Lawtoid place. Manning tree 

1914 §Ogilvie, jMrs Campbell P Liwfoid pltee, M inmngticc 

1886 {Ogilvie, F Grant, CB, MA, BSc, FRSE (Local Sec 

1892 ) Board of Education S W 

1912 §Ogilvy, J W 18 Bloomsbury square, W C 

1905 ’"Oke, Alfred Wilham, BA, LL M,FGb,FLS 32 Denmark 

villas. Hove, Brighton 

1906 §Okeli, Samuel, F R A S Over ley, Langham road. Bow don, 

Cheshire 

1908 §01dham, Charles Hubert, BA, B L , Professor of Commerce in 
the National University of Ireland 6 Victoria terrace. Rath 
gar, Dublin 

1892 {Oldham, H Yule, M A , F R G S , Lecturer in Geography in the 

University of Cambridge King’s College, Cambndge 

1893 *Oldham, R D,FRS,FGS 8 North street, Horsham, Sussex 
1912 §0’ Leary, Rev William, S J Mungret College, Limerick 

1914 §01iver, Calder E Manor street, Biighton, Victoria 
1863 {Oliver, Daniel, LL D , F R S , F L S , Ementus Professor of 
Botany in University College, London 10 Kew Gardens 
road, Kew, Surrey 

1887 {Oliver, F W, DSo,FRS,FLS (Pres K, 1906), Professor 

of Botany m Umversity College, London, W C 
1889 {Ohver, Professor Sir Thomas, M D 7 Elhson place Newcastle 
upon Tyne 

1882 §Olsbn, OT,DSo,FLS,FRAS,FRQS 116 St Andrew’s 
terrace, Gnmsby 

1880 ’*‘Ommanney, Rev E A St Michael and All Angels, Portsea, Hants 
1908 {O’Neill, Rev G , M.A University College, St Stephen’s Green, 
Dublin 
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1902 JO’Neill, Henry M D 6 College square East, Belfast 

1913 §Orange, J A General Eleotrio Company, Schenectady, New 
York, USA 

1905 JO’Reilly, Patrick Joseph 7 Noith Earl street, Dublin 

1884 *Orpen, Rev T H , M A Mark Ash, Abinger Common, Doiking 
1901 }0rr, Alexander Stewart 10 Medows street, Bombay, India 

1909 JOrr, John B Crossaores, Woolton, Liverpool 
1908 ♦Orr, Wilham Dungarvan, Co Waterford 

1904 ♦Obton, K J P , M a , Ph D , Professor of Chemistry in Umversity 
College, Bangor 

1910 *OsBORN, T G B , M So , Professor of Botany m the University of 

Adelaide, South Australia 

1901 §Oaborne, Professor W A , D Sc The University, Melbourne 
1908 JO’Shaughnessy, T L 64 PitzwiUiam square, Dublm 
1887 JO’Shea, L T , B So Umversity College, Sheffield 
1884 JOsLBB, Sir William, Bart , M D , LL D , F R S , Regius Professor 
of Medicine in the University of Oxford 13 Norham- 
gardens, Oxford 

1881 *Ottewell, Alfred D 14 Mill Hill road, Derby 

1906 to wen. Rev EC St Peter’s School, York 

1903 *Owen, Edwin, M A Terra Nova School, Birkdale, Lancashire 

1911 §Owens, J S , M D , Assoc M Inst C E 47 Victoria street, S W 
1910 *Oxley, A E Rose Hill View, Kimberworth road, Rotherham 


1909 JPaoe, F W 388 Wellington orescent, Wmnipeg, Canada 

1908 {Pack Beresford, Denis, M R I A Fenagh House, Bagenalstown, 

Ireland 

1906 §Page, Carl D Wyoming House, Aylesbury, Bucks 

1903 *Page, Miss Ellen Iva iSirret House, Felpham, Sussex 
1883 {Page, G W Bank House, Fakenham 

1913 §Paget, Sir Richard Bart Old Fallings Hall, Wolverhampton 

1911 §Paget, Stephen, M A , F R C S 21 Ladbroke square, W 

1912 JPahic, Paul 62 Albert Court, Kensington Gore, S W 
1911 JPaine, H Howard 60 Stow hill, Newport, Monmouthshire 

1870 *Paloravb, Sir Robert Harry Inqlis, F R S , F S S (Pres F, 
1883 ) Henstead Hall, Wrentham, Suffolk 
1896 Alexander Tatoi, Aigburth drive, Liverpool 

1878 *Palmer, Joseph Edward Royal Societies Club, St James’s street, 

S W 

1866 §Palmer, William Waverley House, Waverley street, Nottingham 

1904 t B arker, E H , M A Thomeycreek, Herschel road, Cambridge 

1909 §Parkeb, M a , B Sc , F C S (Local Sec 1909), Professor of 

Chemistry in the University of Manitoba, Wmnipeg, Canada 
1891 JParkbr William Newton, Ph D , F Z S , Professor of Biology m 
University College, Cardiff 

1906 *Par1ces, Tom E P O Box 4580, Johannesburg 
1899 *Parkm, John Blaithwaite, Carlisle 

1905 *Parkin, Thomas Blaithwaite, Carlisle 

1906 §Parkm, Thomas, MA, FLS, FZS, FRGS Fairseat, High 

Wickham, Hastings 

1879 *Parkin, William BroomhiU House atson ro id Sheffield 
1911 JParks, Dr G J 18 Cavendish road, Southsea 

1913 §Parry, Edward, M Inst C E Rossmore, Leamington 

1903 §Parry, Joseph M Inst C E Woodbury, Waterloo, near Liverpool 
1908 JParry, W K , M Inst C E 6 Charlemont terrace, Kmgstown, 
Dubhn 
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1878 tPABSONS, Hon SirC A,KCB,MA,ScD,FRS,M Inst C E 

(Pres G, 1904 ) Holeyn Hall, Wylam on Tyne 

1904 JParsons, Professor F G St Thomas’s Hospital, S E 

1905 ^Parsons, Hon Geoffrey T Wortinj; House, Basingstoke, Hants 
1898 *Partndge, Miss Josephine M 15 Grosvenor crescent, S W 

1887 JPatbrson, A M , M D , Professor of Anatomy in the University 
of Liverpool 

1908 JPaterson, M , LL D 7 Halton place, Edinburgh 

1909 ^Paterson, William Ottawa, Canada 

1897 fPaton, D Noel, MD, FRS, Protcssoi of Physiology m the 

University of Glasgow 

1883 ♦Paton, Rev Henry, M A Airtnoch, 184 May held road, Edinburgh 

1884 *Paton, Hugh Box 2646, Montreal, Canada 

1913 §Patrick, Joseph A North Cliff King’s Heath, Birmingham 
1008 §Patten, C J , M a , M D , Sc D , Professor of Anatomy in the 
University of Sheffield 

1874 tPatterson, W H M R I A 26 High street, Belfast 
1913 fPatterson, W Hamilton, M Sc The Monksferry Laboratory, 
Birkenhead 

1913 *Pattin, Harry Cooper, M A , M D King street House, Norwich 

1879 *Patzer, F R Clayton Lodge, Newcastle, Staffordshire 
1883 JPauI, George 32 Harlow Moor drive, Harrogate 
1887 *Paxman, James Standard Iron Works, Colchester 

1912 *Payne, Miss Edith Care of Mrs Robeits, Lothan, St Mary 

church Torquay 

1887 ♦Payne, Miss Edith Anme Hatchlands, Cuckfield, Hayward’s 

Heath 

1914 *Pavne, Profp'ssoi Henry, M Inst 0 E The Uni\ersity, Mel 

bourne 

1888 *PayTiter, J B Hendford Manor, Yeovil 

1876 t Peace, G H , M Inst C E Monton Grange, Eccles, near Mon 
Chester 

1906 $Peace, Miss Gertrude 39 Westbourne road, Sheffield 

1885 JPeach, B N, LL D , FRS, FRSE, FGS (Pres C, 1912) 

Geological Survey Office, George square, Edm burgh 
1911 §Peake, Harold J E Westbrook House, Newbury 

1913 JPear, T H Dun wood House, Withington, Manchester 

1886 ♦Pearce, Mrs Horace Colhngwood, Manby road. West Malvern 
1883 JPearson, Arthur A , C M G Hillsborough, Heath road, Petersfield, 

Hampshire 

1893 *Pearson, Charles E Hillcrest, Lowdham, Nottinghamshire 

1898 t Pearson, George Bank chambers Baldwin street, Bristol 

1905 ♦PEARSON, Professor H H W, MA, FLS National Botanic 

Gardens, Kiistenbosch, Newlxnds, Capo Town 

1883 JPearson, Miss Helen E Oakhurst, Birkdale, Southport 

1906 fl^earson. Dr Joseph The Museum, Colombo, Ceylon 

1904 JPearson, Karl, M A , F R S , Professoi of Eugenics in the University 
of London 7 Well road, Hampstead, N W 
1909 JPearson, William Wellmgton orescent, Winnipeg, Canada 
Peckitt, Henry Carlton Husthwaite, Thirsk, Yorkshire 
1855 ♦Pbokovbr, Lord, LL D, FSA, FLS, FRGS Bank House, 
Wisbech, Cambridgeshire 

1888 JPeckover, Miss Alexandnna Bank House, Wisbech, Cambridge 
shire 

1885 JPeddie, William, Ph, D , F R S E , Professor of Natural Philosophy 
m University College, Dundee 

1884 JPeebles, W B 9 North Frederick street, Dubhn 
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1878 *Peek, Wilham Villa des Jonquilles, Rue des Roses, Monte Carlo* 

1901 ♦Peel, Right Hon Viscount 13 hang’s Bench-walk, Temple, E Gi 
1905 §Peirson, J Waldie P O Box 661, Johannesburg 

1905 JPemberton, Qustavus M P O Box 93, Johannesburg 
1887 JPendlebuby, Wiixiam H , M A , PCS (Local Sec 1899 ) 
• Woodford House, Mountfields, Shrewsbury 
1894 fPengelly, Miss Lamoma, Torquay 
1896 jPennant, P P Nantlys, St Asaph 

1898 JPercival, Francis W,MA,PRGS 1 Chesham street, S W 

1908 jPercival, Professor John, M A University College, Reading 
1905 tP6nnguey, L , D Sc , F Z S South African Museum, Cape 

Town 

1894 JPbbkin, a G,FRS,FRSE,FCS,FIC 8 Montpelier 

terrace, Hyde Park, Leeds 

1902 ♦Perkin, F Mollwo, Ph D 199 Piccadilly, W 

1884 JPerkin, William Henry, LL D PhD,FRS,FRSE (Pres 

B 1900 , Council, 1901-07), Waynflete Professor of Chemistry 
m the University of Oxford The Museums, Oxford 
1864 ♦Perkins, V R Wotton under Edge, Gloucestershire 

1898 ♦Pei man E P , D So Umversity College Cardiff 

1909 JPerry, Rev Professor E Guthne 246 Kennedy street, Winnipeg, 

Canada 

1874 ♦Perry, Professoi John, ME, D So , LL D , F R S (General 
Treasurer, 1904- , Pies G, 1902 , Pres L, 1014 , Coun 

oil 1901-01) 25 Stanley crescent W 

1913 {Perry, W J Care of W J Roberts, The Mount, Church Stretton 

1904 ♦Pertz, Miss D F M 2 Cranmer road, Cambridge 

1900 ♦Petavel, j E , M Sc , F R S , Professor of Engmeenng in the 

University of Manchester 

1914 *Petcrs, Ohomas Buriiiijuck vii (ioondih, KSW 

1901 {Pethybndge, G H , Ph D Royal College of Science, Dublin 

1910 *Petrescu, Captain Dimitrie, R A , M Eng Scoala Supeiioia de 

Messern, Bucharest, Rumania 

1895 {Petrie, W M Flinders, D C L , F R S (Pres H, 1895), Professor 

of Egyptology in University College, W C 
1871 ♦Peyton, John E H,FRAS,FGS Vale House, St Helier, 
Jersey 

1886 {Phelps, Lieut General A 23 Augustus road, Edgbaston, Bir 
mingham 

1911 {Philip, Alexander Union Bank Buildings, Biechin 

1903 %Phthp, James G 20 Westfield terrace, Aberdeen 

1853 *Phihps, Rev Edward HoUington, Uttoxeter, Staffordshire 
1877 §Phihps, T Wishart Elizabeth Lodge, Crescent road, South 
Woodford, Essex 

1863 {Philipson, Sir G H , D 0 L 7 Eldon square, Newcastle on Tyne 

1905 {Philhmore, Miss C M Shiplake House, Henley on Thames 

1899 ♦Philhps, Charles E S , F R S E Castle House, Shooter’s Hill, 

Kent 

1910 ♦Phillips, P P , Ph D , Professor of Chemistry in the Thomason 
Engineering College, Rurki, United Provinces, India 
1890 {Phillips, R W,MA,DSc,PLS, Professor of Botany in Uni« 
versity College, Bangor 2 Snowdon villas, Bangor 
1909 ♦Phillips, Richard 15 Dogpole, Shrewsbury 
1883 ♦Pickard, Joseph Wilham Oatlands Lancaster 
1901 §Pickard, Robert H , D So Billmge View, Blackburn 

1885 ♦Pickering, Spencer P U , M A , F R S Harpenden, Herts 
1907 {Pickles, A R , M A Todmorden-road, Burnley 
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1888 ♦Pidgeon, W R Lynsted Lodge, St Edmund’s terrace, Regent’s 
Park, N W 

1866 {PiKB, L Owen 10 Chester terrace. Regent’s Park, N W 
1896 ’*'Pilkington, A C Rocklands, Ramhill, Lancashire 
1906 JPilhng, Arnold Royal Observatory, Cape Town 
1896 ♦Pilhng, Wilham Rosano, Heene road, West Worthing 

1906 JPim, Miss Gertrude Charleville, Blackrock, Co Dublin 
1911 fPink, H R The Mount, Faieham, Hants 

1911 JPmk, Mrs H R The Mount, Fareham, Hants 

1911 JPmk, Mrs J E The Homestead, Eastern parade, Southsea 

1908 *Pio, Professor DA 14 Leverton street, Kentish Town, N W 

1908 JPime, The Right Hon Lord, LL D , M Inst C E Downshire House, 

Belgrave square, S W 

1909 JPitblado, Isaac, K C 91 Balmoral place, Wmnipeg, Canada 
1893 *PiTT, Walter, M Inst C E 3 Lansdown grove, Bath 
1900 *Platts, Walter Morningside, Scarborough 

1911 ♦Phmmer, R H A 3 Hall road, N W 

1898 fPlummer, W E,MA,FRAS The Observatory, Bidston, 
Birkenhead 

1908 JPlunkett, Count G N National Museum of Science and Art, 
Dublm 

1908 tPlunkett, Colonel G T , C B Belvedere Lodge, Wimbledon, S W 

1907 ♦Plunkett, Right Hon Sir Horace, KCV0,MA, FRS 

Ehlteragh, Foxrock, Co Dublm 

1900 *Pockhngton, H Caboum, M A , D Sc , F R S 5 Wollclose place, 
Leeds 

1913 iPocock, R J St Aldan’s, 170 Eglinton road, Woolwich, S E 

1914 §PoUock, Professor J A , D So The Univorsit\, S\dne3r, NSW 

1908 JPollok, James H D So 6 St James’s terrace, Clonshea, Dubhn 

1906 ♦Pontifex, Miss Catherine E 7 Hurhngham court, Fulham, S W 

1891 JPontypridd, Lord Pen y Ian, Cardiff 

1911 JPoore, Major General F H 1 St Helen’s parade, Southsea 

1907 §Pope, Alfred, F S A South Court, Dorchester 

1900 ♦Pope, W T , M A , 1.L D , F R S (Pres B, 1914), Professor of 

Chemistry in the University of Cambiidtre Chemical Labora 
tory. The University, Cambridge 

1892 JPopplewell, W C , M Sc , Assoc M Inst C E Bowden lane, 

Marple, Cheshire 

1901 §PoRTER, Alfred W , B So , F R S 87 Parliament Hill mansions, 

Lassenden gardens, N W 

1905 §Portbr, j B , D Sc , M Inst C E , Professor of Mining in the 

McGill University, Montreal, Canada 

1906 :|:Porter, Mrs McGill University, Montreal, Canada 

1883 {Potter, M C , M A , F L S , Professor of Botany in the Arm 
strong College, Newcastle upon Tyne 13 Highbury, New- 
castle upon Tyne 

1906 {Potter Kirby, Alderman George Qifton Lawn, York 

1907 {Potts, F A University Museum of Zoology, Cambridge 

1908 ♦Potts, George, Ph D , M Sc Grey University College, Bloem 

fontein. South Africa 

1886 ♦Poulton,EdwardB,MA,FRS,FLS,FGS,FZS (Pres D, 
1896 , Council, 1895-1901, 1905-12), Professor of Zoology m 
the Umversity of Oxford Wykeham House, Banbury road, 
Oxford 

1906 {Ponlton, Mrs Wykeham House, Banbury-road, Oxford 
1898 ♦Poulton, Edward Palmer, M A Wykeham House, Banbury road, 
Oxford 
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1913 §PoultoD» Miss Wykeham House, Banbury road» Oxford 
1894 ♦Powell, Sir Richard Douglas, Bart , M D 62 Wimpole street, 
Cavendish square, W 

1887 §Pownall, George H 20 Birchin lane, E C 

1913 f Poynting, Mrs J H 10 Ampton road, Edgbaston, Birmingham 
1908 JpRAEaBB, R Lloyd, B A , M R I A Lisnamae, Rathgar, Dublin 

1907 ♦PRAIN, Lieut Col Sir David CIE,CJMG,MB,FRS (Pres 

K, 1909 , Council, 1907“ 14 ) Royal Gardens, Kew 
1884 *Prankerd, A A , D C L 66 Banbury road, Oxford 

1913 ♦Prankerd, Mrs Theodora Lisle 25 Hornsey Lane gardens, N 

1888 ♦Preece, W Llewellyn, M Inst C E 8 Queen Anne’s gate, S W 
1904 §Prentice, Mrs Manning Thelema, Underchff road, Fehxstowe 
1892 JPrentice, Thomas Willow Park, Greenock 

1906 {Pressly, D L Coney street, York 

1889 JPreston, Alfred Eley, M Inst C E , F G S 14 The Exchange, 

Bradford, Yorkshire 

1914 §Preston, C Pavne Australian Distillery Co , Byrne ‘^treet South 

Melbourne 

1914 §Prestori, Miss E W 163 Barry street, Carlton, Victoria 

1903 §Pnce, Edward E Oaklands, Oaklands road, Bromley, Kent 

1888 JPricb, L L F R,MA,FSS (Pres F, 1895 , Council, 1898- 

1904 ) Onel College, Oxford 

1875 *Pnce, Rees 163 Bath street, Glasgow 

1913 §Prioe, T Slater Municipal Technical School, SufiEolk street, 

Birmingham 

1897 ♦Prior, W A , M A 135 Sandyford road, Newcastle on Tyne 

1914 §Piiestley, Professor H J Ed ale. River ten ace. Kangaroo Point, 

Brisbane Austialia 

1908 §Pbiestley, J H , B Sc , Professor of Botany m the University of 

Leeds 

1909 ♦Prince, Professor E E , LL D , Dominion Commissioner of Fisheries 

206 O’Connor street, Ottawa, Canada 
1914 §Pringsheim, Dr Peter Lutzemstrasse 63, Berlin 

1889 ♦Pritchard, Erie Law, M D , M R C S 70 Fairhazel gardens. South 

Hampstead, N W 

1876 ♦Pritchard, Urban, M D , F R C S 26 Wimpole street, W 
1881 §Procter, John William Ashcroft, York 

1884 ♦Proudfoot, Alexander, M D Care of E C S Scholefield, Esq , 
Provincial Libraiian, Victoria, B C , Canada 
1879 ♦Prouse, Oswald Milton, F G S Alvmgton, Ilfracombe 
1872 ♦Pryor, M Robert Weston Park, Stevenage, Herts 

1883 ♦Pullar, Rufus D , F C S Brahan, Perth 
1913 §Pullar, W B Coniston, Bridge of Allan, N B 

1003 JPullen Burry, Miss Lyceum Club, 128 Piccadilly, W 

1904 JPunnett, R C , M A , F R S , Professor of Biology in the Uni- 

versity of Cambridge Cams College, Cambiidge 
1886 JPuRDiB, Thomas, B Sc , Ph D , F R S , Emeritus Professor of 
Chemistry in the Umversity of St Andrews 14 South street, 
St Andrews, N B 

1881 JPurey Cust, Very Rev Arthur Percival, M A , Dean of York The 
Deanery, York 

1913 {Purser, G Leshe Gwynfa, Selly Oak, Birmingham 

1913 {Purser, John, M So The University, Edgbaston, Birmmgham 

1884 ♦Purves, W Laidlaw 20 Stratford place, Oxford street, W 

1911 {Purvis, J E Corpus Christi College, Oxford 

1912 {Pyoraft, Dr W P British Museum (Natural History), Cromwell 

road, S W 
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1898 *Py0, Miss E St Mary’s Hail» Rochester 
1883 §Pye-Smith, Arnold 32 Queen Victoria street, E C 
1883 fPye-Smith, Mrs 32 Queen Victoria street, E C 
1879 tPye-Smith, R J 460 Glossop road, Sheffield 
1911 fPyo Smith, Mrs R J 450 Glossop road, Sheffield 


1893 j:Quick, James 22 Bouverie road West, Folkestone 

1906 ♦Quiggin, Mrs A Kingston 88 Hartmgton grove Cambndge 


1879 :{:Radford, R Heber 15 St James’s row, Sheffield 

1912 XRaddky F 12 Central hill. Upper Norwood, 8 E 

1911 §Rae, John T National Temperance League, Paternoster House, 

Paternoster row, E C 

1887 *Ragdale, John Rowland The Beeches, Stand, near Manchester 

1913 JRaihng, Dr A H , B Sc The General Electric Co , Ltd , Witton, 

Birmingham 

1898 ♦Raisin, Miss Cathenne A , D So Bedford College, York place, 
Baker street, W 

1896 *Ramagb, Hugh, M A The Technical Institute, Norwich 

1894 ♦Rambaut, Arthub A, MA,DSc,FRS, FRAS,MRTA 
RadclifiFe Observatory, Oxford 
1908 {Rambaut, Mrs Radcliffe Observatory, Oxford 

1912 ^Ramsay, Colonel R G Wardlaw Whitehill, Rosevell, Mid 

lotbaan 

1876 ♦Ramsay, Sir William, KCB,PhD,DSc, FRS (President 
1911 , PiGv B, 1807 , Council 1891-98) Betclicroft, Hazle 
mcie, High Wycombe 

1883 :|;Ramsay, Lady Beechcroft, Hazlomere, High Wycombe 

1914 §Ranisbottom J W 23 Rosebery orescent Newc xstle on Tyne 

19 13 §Ramsden, William Blacker road, Huddersfield 

1907 JRankine, A O , D Sc 18 Loveday road, Ealing, W 
1868 ♦Ransom, Edwin, F R G S 24 Ashburnhim road, Bedford 

1861 JRansomb, Arthur, M A , M D , FRS (Local Sec 1861 ) 
Sunnyhurst, Dean Park, Bournemouth 
1003 jiRastall, R H Christ’s College, Cambndge 

1914 §Rathbone, Herbert R 15 Lord street, Liverpool 
1802 ♦Rathbone, Miss Mav Backwood, Neston, Cheshire 

1913 {Raw, Frank, B Sc , F G S The University, Edmund stieet, 

Birmingham 

1914 §Rawe«5 VMiittell H Manchester Hall 181 Eli/ ibeth street, 

Sydney, N S 

1908 ♦Raworth, Alexander St John’s Manor, Jersey 

1905 {Rawson, Colonel Herbeit E, CB, RE, ERGS Homo Close, 
Heronsgate, Herts 

1868 ♦Rayleigh, The Right Hon Lord, O M , M A , D C L , LL D , 
FRS, FRAS, FRGS (President, 1884 , Trustee, 
1883- , Pres A, 1882 , Council, 1878-83), Professor of 

Natural Philosophy in the Royal Institution, London Terling 
Place, Witham, Essex 

1883 ♦Rayne, Charles A,MD,MRCS St Mary’s Gate Lancaster 

1912 §Rayner, Miss M C , D Sc University College, Reading 

1897 ♦Rayner, Edwin Hartree, M A 40 Gloucester road, Teddmgton, 

Middlesex 

1907 {Rea, Carleton, B C L 34 Foregate-street, Worcester 

1913 §Read, Carveth, M A 73 Kensington Gardens square, W 
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1896 ♦Read, Sir Charles H , LL D , F S A (Pres H, 1899 ) British 

Museum, W C 

1913 §Reade, Charles C 3 Gray’s Inn place, Gray’s Inn, W C 

1914 §Rcade, Mrs C C 3 Gray’s Inn place. Grab’s Inn, C 

1902 (Reade, R H Wilmount, Dunmurry 

1884 iReadman, J B,DSo,FRSE Belmont, Hereford 

1890 *Redwood, Sir Boverton, Bart , DSc, FRSE, FCS The 

Cloisters, 18 Avenue road, Regent’s Park, N W 
1908 JReed, Sir An^ew, K C B , C V O , LL D 23 Fitzwilliam square, 
Dublm 

1906 fReed, J Howard, F R G S 16 St Mary’s Parsonage, Manchester 

1891 ♦Reed, Thomas A Bute Docks, Cardiff 

1894 ♦Rees, Edmund S G Dunscar, Oaken, near Wolverhampton 

1903 JReeves, E A , F R G S Hillside, Reigate road, Reigate 

1911 §Rbbves, Hon W Pember (Pres F 1911 ) London School of 

Economics, Clare Market, W C 

1906 *Reichol, Sii H^rry R, MA, LL D , Pimcipal of University 
College, Bxngor Peni illt Bingor, ]Sorth Wales 
1910 ‘■Reid, Alfie I, IVI B , M R C S Kuala Liinijiur, Selingor F AT s 
1901 *Reid, Andrew T 10 Woodside terrace, Glasgow 

1904 {Reid, Arthur H 30 Welbeck street, W 

1881 §Reid, Arthur S , M A , F G S Trinity College, Glenalmond, N B 
1883 ♦Reid, Clement, FRS, FLS, FGS One Acre, Milford on 
Sea, Hants 

1903 *Reid, Mis E M , B Sc One Acre, Milford on Sea, Hants 

1892 JRbid, E Waymoxtth, B A , M B , F R S , Professor of Physiology 

in University College, Dundee 

1908 {Reid, George Arohdall, MB,CM,FRSE 9 Victoria road 

South, Southsea 

1901 *Reid, Hugh Belmont, Spnngbum, Glasgow 
1901 JReid, John 7 Park terrace, Glasgow 

1909 JReid, John Young 329 Wellmgton orescent, Winnipeg, Canada 

1904 JReid, P J Marton Moor End, Nunthorpe, R S O , Yorkshire 

1912 §Reid, Piofessor R W M D 37 Albyn place, Aberdeen 

1897 JReid, T Whitehead, M D St George’s House Canterbury 
1892 JReid, Thomas Municipal Technical School, Biimingham 
1887 ♦Reid, Walter Francis Fieldside, Addlestone, Surrey 

1912 §Reinheimei, Hermann 43 King Charles road, Surbiton 
1875 I’REiNOTn AW CB MA,FRS (Council, 1890-95) ILdinox 
mansions Southsea 

1894 JRendall, Rev G H , M A , Litt D Charterhouse, Godalmmg 
1891 ♦Rendell, Rev James Robson B A Whinside, Whalley road, 
Accrington 

1903 ♦Rendlb, Dr A B,MA,FRS,FLS 28 Holmbush road. 

Putney, S W 

1889 ♦Rennie, George B 20 Lowndes street, S W 

1906 JRennie, John, D Sc Natural History Department, University of 
Aberdeen 

1905 ♦Renton, James Hall Rowfold Grange, Billmgshurst, Sussex 
1912 JRettie, Theodore 10 Doune terrace, Edinburgh 

1904 JRetjnert, Theodore, M Inst C E P O Box 92, Johannesburg 

1912 JRew, R H , C B Board of Agriculture and Fisheries, 3 St 

James’s square, S ’W 

1906 §Reyersbach, Louis Care of Messrs Wernher, Beit, & Co , 

1 London Wall bmldings, E C 
1883 ♦Re3nttolds, AH 271 Lord street, Southport 

1913 JReynolds, J H Low Wood, Harbome, Birmingham 
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1871 ^Reynolds, James Emerson, MD, DSo, FRS, FCS, 
M R I A (Pres B, 1893 , Council, 1893-99 ) 3 Inverness- 
gardens, W 

1900 ♦Reynolds, Miss KM 8 Damley road, Notting Hill, W 

1906 it^eynolds, S H , M A , So D , Professor of Geology in the Univer- 

sity of Bristol 

1907 §Reynol^, W Birstall Holt, near Leicester 

1899 *Rhys, The Right Hon Professor Sir John, D So (Pres H, 1900 ) 
Jesus College, Oxford 

1877 ♦Ricoardi, Dr Paul, Secretary of the Society of Naturalists Riva 
Muro 14, lilodena, Italy 

1905 §Rich, Miss Florence, M A Granville School, Granville road, 

Leicester 

1906 ^Richards, Rev AW 12 Bootham terrace, York 

1914 §Riehardson, A E V , AT A , B Sc Department of Agncultuie, 
Melbourne 

1869 *Richardson, Charles 3 Cholmley villas. Long Ditton, Surrey 

1912 JRichardson, Harry, M Inst E E Electricity Supply Department, 

Dudhope Crescent road, Dundee 
1889 ^Richardson, Hugh, M A 18 Bootham crescent, York 
1884 ♦Richardson, J Clarke Derwen Fawr, Swansea 
1896 ♦Richardson, Nelson Moore, BA, FES Montevideo, Chickerell, 
near Weymouth 

1901 ♦Richardson, Owen Willans, M A , D So , FRS, Wheatstone 

Professor of Physios in King’s College, London, W C 
1914 *Rideal Eric K , B A , Ph D 28 Victoria street, S W 
1883 ♦Ridbal, Samuel, D So , F C S 28 Victona street, S W 

1911 JRidgeway, Miss A R 83 The Broad w^, Watford 

1902 §Ridgbway, William, M A , D Litt , F B A (Pres H, 1908), 

Professor of Archaeology in the Umversity of Cambridge 
Flendyshe, Fen Ditton, Cambridge 

1913 §Ridler, Miss C C Coniston, Hunsdon road, Torquay 

1894 IRidley, E P , F G S (Local Sec 1895 ) Burwood, Westerfield- 
road, Ipswich 

1881 ♦Rigg, Arthur 150 Blomfield terrace, W 

1883 ♦Rigg, Edward, C B , I S O , M A Royal Mint, E 

1892 tRintoul, D , M A Clifton College, Bristol 

1912 §Rmtoul, Miss L J Lahill, Largo, Fife 

1910 JRipper, Wilham, Professor of Engmeermg m the University of 
Sheffield 

1903 ♦Rivers, W H R,MD,FRS (Pres H, 1911 ) St John’s 

College, Cambridge 

1913 §Rivett, a C D , B A , Ph D (General Organismg Secretary, 

1914 ) The University of Melbourne, Victoria 
1908 ♦Roaf, Herbert E , M D , D Sc 44 Rotherwick road, Hendon, N W 
1898 *Robb, Alfred A , M A , Ph D Lisnabreeny House, Belfast 

1914 §Robb, James Jenkins, M D Harlow, 19 Linden road. Bourn ville, 

Birmingham 

1902 ♦Roberts, Bruno 30 St George’s square. Regent’s Park, N W 
1887 ♦Roberts, Evan 27 Crescent-grove, Clapham Common, S W 

1896 ^Roberts, Thomas J Ingleside, Park roaid, Huyton, near Liverpool 
1913 §Robertson, Andrew Engmeermg Laboratories, Victoria Uni- 
versity, Manchester 

1897 §Robertson, Sir George S , K C S I , M P (Pres E, 1900 ) 

2 Mitre Court buildmgs, Temple, E C 
1897 ]:Robertson, Professor J W , C M G , LL D The Macdonald 
College, St Anne de Bellevue, Quebec, Canada. 
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1912 §Robertson, R A, MA,BSc, FRSE, Lecturer on Botany in 

the University of St Andrews 

1901 *Robertson, Robert, B Sc , M Inst C E Cambooth, Carmunnock, 

I fli rWs b ir e 

1913 *Robins, Edward, M Inst C E , ERGS Lobito, Angola, Portu- 

guese South West Africa 

1913 IRobmson, A H , M D St Mary’s Infirmary, Highgate Hill, N 
1886 '^'Robinson, Charles Reece 176 Gerrard street, Aston, Birmingham 

1909 :(Robmson, E M 381 Mam street, Wmmpeg, Canada, 

1903 ^Robinson, G H 1 Weld road, Southport 

1902 J Robinson, Herbert C Holmfield, Aigburth, Liverpool 

1911 ^Robmson, J J ‘ West Sussex Gazette ’ Office, Arundel 

1902 JRobinson, James, M A , F R G S Dulwich College, Dulwich, S E 

1912 §Robini:on, Janies 42 Fordbrook avenue, Eahng Common, W 
1888 iRobinson, John, M Inst C B 8 Vicarage terrace, Kendal 
1908 ♦Robinson, John Gorges, B A Cragdale, Settle, Yorkshire 

1910 :|:Robmson, John Hargreaves, Cable Ship ‘ Norseman,’ Western 

Telegraph Co , Caixa no Correu No 117, Pernambuco, Brazil 

1895 ♦Robinson, Joseph Johnson 8 Trafalgar road, Birkdale, South 

port 

1899 ♦Robinson, Mark, M Inst C E Parliament chambers, Westmmster, 

5 W 

1875 ♦Robinson, Robert, M Inst C E Beechwood, Darlington 

1908 IRobmson, Robert Field House, Chesterfield 

1904 ijiRobinson, Theodore R 25 Campden Hill gardens, W 

1909 ^Robmson, Captain W 264 Roslyn road, Winnipeg, Canada, 

1909 {Robinson, Mrs W 264 Roslyn road, Wmmpeg, Canada 

1904 {Robinson, W H Kendrick House, Victoria ro^, Penarth 
1870 ♦Robson, E R Palace Chambers, 9 Bndge street, Westminster, S W 

1912 {Robson, W G 50 Farrmgton street, Dundee 

1896 {Rodger, A M Natural History Museum, Perth 
1885 ♦Rodger, Edward 1 Clairmont gardens, Glasgow 

1905 {Roebuck, William Demson, F L S 259 Hyde Park road, Leed«» 

1908 {Rogers, A G L Board of Agriculture and Fishenes, 8 ViHiitehall 

place, S W 

1898 {Rogers, Bertram, M D (I ocal Sec 1898 ) 11 York place, 

Chfton, Bristol 

1913 {Rogers, F , D Eng , BA, M Sc Rowardennan, Chelsea road, 

Sheffield 

1913 {Rogers, Sir Hallewell Greville Lodge, Sir Harry’s road, Edgbaston, 
Birmingham 

1907 {Rogers, John D 85 St George’s-squaie, S W 
1890 ♦Rogers, L J , M A , Professor of Mathematics m the University of 
I eeds 6 Holhn lane, Leeds 

1906 {Rogers, Reginald A P Trmity College, Dublin 

1909 {Rogers, Hon Robert Rosl}^ road, Wmmpeg, Canada 
1884 ♦Rogers, Walter Lamorva, Falmouth 

1876 {RoiiLiT, Sir A K , LL D , D C L , Litt D St Anne’s Hall, near 

Chertsey on Thames, Surrey 

1855 ♦Roscob, The Right Hon Sir Henry Enfield, B A , Ph D , LL D , 
D C L , F R S (President, 1887 , Pres B, 1870, 1884 , 
Council, 1874-81 , Local Sec 1861 ) lOBramham gardens, S W 
1905 {Rose, Miss G Mabel Ashley Lodge, Oxford 
1883 ♦Rose, J Holland, Litt D Walsmgham, Milhngton road. Cam 
bridge 

1894 ♦Rose, Sir T K , D Sc , Chemist and Assayer to the Royal Mint 

6 Royal Mint, E 
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1005 *Ilosedale, Rev H G,DD,FSA 7 Gloucester street, S W 
1905 ♦Rosedale, Rev W E , D D St Mary Bolton’s Vicarage, South 
Kensington, S W 

1900 {Rosenhain, Walter, BA, F R S Warrawce, Coombe lane, 

Kingston Hill, Surrey 

1914 §Rosenhain, Mrs Warrawee, Coombe lane, Kingston Hill, Sftrre^ 
1014 §Rosenham, Miss Warrawee, Coombe Irne, King^^tou Hill, Surrey 
1014 §Ross Alexander David, M A D Sc , F R \ 8 , F R S E , Profes-or 
of Mathematics and Physics m the [Jni\ersity of Western 
Australia, Perth, Western Australia 

1909 ijiRoss, DA 110 Wellington orescent, Winnipeg, Canada 
1869 *Ros 8, Rev James Coulman Wadworth Hall, Doncaster 

1908 i^Ross, Sir John, of Bladensburg, K C B Rostrevor House, 

Rostrevor, Co Down 

1912 JRoss, Miss Joan M Hazelwood, Warhngham, Surrey 

1902 ^Ross, John Callender 46 Holland street, Campden hill, W 

1901 JRoss, Colonel Sir Ronald, K O B , F R S , Professor of Tiopicali 

Sanitation in the University of Liverpool The University, 
Liverpool 

1891 ♦Roth, H Ling Bnarfield, Shibden, Hahfax, Yorkshire 
1911 ♦Rothschild, Hon L Waltei, M P , D Sc , Ph D , F R S Tring Park, 
Tring 

1901 ♦Rottenburg, Paul, LL D Care of Messrs Leister, Bock, & Co , 
Glasgow 

1899 ♦Round, J C , M R C S 19 Crescent road, Sydenham Hill, S E 
1884 *Rouse, M L , B A 47 Berlin road, Catford, S E 

1905 §Rousselet, Charles F Fir Island, Bittocy Hill, Mill Hill, N W 
1901 iRowallan, the Right Hon Lord Thornliebank House, Glasgow 

1903 ♦Rowe, Arthur W , M B , F G S Shottendane, Margate 

1890 JRowley, Walter, M Inst C E , F S A Alderhill, Meanwood Leeds 
1881 ♦Rowntree, Joseph 38 St Mary’s, York 

1910 XRovlsp, Irilmr a BA B Sc Engive(ri7ig I ahoratoty, Camhridyc 
1876 ♦Rlcker, Sir Arthur W, MA, D Sc , LLD, FRS (Presi 

DENT, 1901 , Trustee, 1898- , General Treasurer, 

1891-98 , Pres A, 1894 , Council, 1888-91 ) Everington 
House, Newbury, Berkshire 

1901 ♦Rudorf, C C G , Ph D , B So 52 Cranley gardens, Muswell Hill, N 

1906 ♦Buffer, Marc Armand, CMG, MA, MD, BSc Quarantine 

International Board, Alexandria 

1906 iRuffer, Mrs Alexandna 

1904 iRuhemann, Dr S F R S 3 Selwyn gardens, Cambridge 

1909 tRumball, Rev M C , B A Morden, Manitoba, Canada 
1896 *Rundell, T , F R Met Soc Teiias Hill, Lostwithiel 

1911 JRundle, Henry, F R C S 13 Clarence parade, Southsea 

1912 ♦Rusk, Robert R , M A , Ph D 4 Barns crescent, Ayr 

1904 :|:Russell, E J , D Sc Rothamsted Experimental Station, Hai 
penden, Herts 

Russell, John 39 Mountjoy square, Dubhn 
1883 ♦Russell, J W 28 Staverton road, Oxford 
1862 ♦Russell, Norman Scott Arts Club, Dover street, W 
1908 :|^Russell, Robert Arduagremia, Haddon road, Dublin 

1908 tRussELL, Right Hon T W , M P Olney, Terenure, Co Dublin 
1886 {Rust, Arthur Eversleigh, Leicester 

1909 ♦Rutherford, Hon Alexander Cameron Strathcona, Alberta,. 

Canada 

1907 §Rutiierford, Sit Ernest, M \ D Sc , F R S (Pres A, 1909 , 

Council, 1014- ), Professor of Physics m the University of 

Manchester 
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1914 §Rutherford, Lidy 17 Wiluislow load, Withingtoii, Manchester 
1914 §Rutherford Miss Phleen 17 W ilbraham load, Withington, Man 
Chester 

1909 JRuttan, Colonel H N Armstrong’s Point, Wmnipeg, Canada* 

1908 JRyan, Hugh, D So Omdurman, Orwell Park, Rathgar, Dublin 

1905 JRyan, Pierce Rosebank House, Rosebank, Cape Town 

1909 JRyan, Thomas Assmibome avenue, Winnipeg, Canada 

1906 *Rymeb, Sir Joseph Sykes The Mount, York 

1903 JSadlfr, M E , C B , LL D (Pres L, 1906), Vice Chancellor of the 
University of Leeds 41 Headingley lane, Leeds 
1883 JSadler, Robert 7 Lulworth road, Birkdale, Southport 
1871 JSadler, Samuel Champernowne Church House, Westmmster, S W 

1903 JSagar, J The Poplars, Savile Park, Hahfax 

1873 *Salomons, Sir David, Bart , F G S Broomhill, Tunbridge Wells 

1904 JSaltbr, a E,DSo,FGS 6 Clifton place, Brighton 

1911 §Sampson, R A, MA, FRS, Astronomer Royal for Scotland 
Royal Observatory, Edmburgh 

1901 JSamuel, John S , J P , P R S E City Chambers Glasgow 

1907 *Sand, Dr Henry J S Umversity College, Nottmgham 

Sandes, Thomas, A B Sallow Ghn, Tarbert, Co Kerry 
1896 §Saner, John Arthur, M Inst 0 E Toolerstone, Sandiway, Cheshire 
1896 JSaner, Mrs Toolerstone, Sandiway, Cheshire 
1903 JSankey, Captain H R , RE, M Inst C E Palace chambers, 
9 Bridge street, S W 

1886 JSankey, Percy E 44 Russell square, W C 

1906 ISargant, E B Quarry H%U^ Reigate 

1896 *Sarqant, Miss Ethel, F L S (Pres K, 1913 ) Ihe Old Rectory, 
Girton, Cambs 

1907 JSargent, H C Ambergate, near Derby 

1913 JSaundby, Robert, M D Great Charles street, Birmingham 

1903 *Saundilrs, Miss E R (Council, 1914- ) Ne^nham College, 

Cambridge 

1887 §Sayoe, Rev A H , M A , D D (Pres H, 1887), Professor of 

Assvnology m the University of Oxford Queen’s College, 
Oxmrd 

1906 JSayer, Dr Ettie 36 Upper Brook street, W 
1883 ^Scarborough, George Whinney Field, Hahfax, Yorkshire 
1903 JSoARiSBRiOK, Sir Charles, J P Scansbnck Lodge, Southport 
1903 JScansbnck, Lady Scansbnck Lodge, Southport 

1879 *Scii VEER, Sir E A , LL D, DSc, MD, FRS (President, 

1912 , General SLCRErARY, 1895-1900 , Pres I, 1894 , 
Council, 1887-93), Professor of Physiology in the University 
of Edinburgh Marly Knowe, Noith Berwick 

1914 §Sohafer Lidy Maily Knowe, North Beiwick 
1914 §Scharff, J W Knockranny, Bray, Co Wicklow 

1888 *SoHARPF, Robert F , Ph D , B So , Keeper of the Natural History 

Department, National Museum, Dublin Knockranny, 
Bray, Co Wicklow 

1914 §Scharff, Mrs Knockranny, Bray, Co Wicklow 

1880 ♦Schemmann, Louis Carl Neueberg 12, Hamburg 

1906 JScHUNLAND, S , Ph D Albany Museum, Grahamstown, Cape 
Colony 

1908 §Sohrodter, Dr E 27 Breite strasse, Dusseldorf, Germany 

1873 *ScHUsrER, Ariiiur, Ph D , Sec R S , F R A S (President Ei fct , 
Pres A, 1892 , Council, 1887-93 ) Yeldall, Twyford, Berks 
1883 *SoLATBR, W Lutlby, M A , F Z S Odiham Priory, Wmohfield. 
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1905 tSolater, Mrs W L Odiham Priory, Winohfield 

1913 §Scoble, Walter A , B Sc , A M Inst C E City and Guilds Technical 
College, Leonard street, E C 

1881 *800X1 , Alexastdeb, M A , D So , F R S , F C S 34 Uppei 
Hamilton terrace, N W 

1878 ♦Scott, Arthur William, M A , Professor of Mathematics and Natural 
Science in St David’s College, Lampeter 

1889 *SooTT, D H,MA,PhD,FRS, Pres L S (General Secrf 

TARY, 1900-03 , Pres K, 1896 ) East Oakley House, Oakley , 
Hants , and Athenaeum Club, Pall Mall, S W 
1857 ♦SooTT, Robert H,MA,DSc,FRS,FR Met S 6 Elm Park 
gardens, S W 

1902 JScott, WiUiam R , M A , Litt D St Regulus, St Andrews, 
Scotland 

1895 JScott Elliot, Professor GF,MA BSc.FLS Newton, Dum 
fnes 

1883 JScnvener, Mrs Haghs House, Wendover 
1909 iScvdamore, Colonel F W Ghelaworth Hall, 8ufolk 
1895 JSoull, Miss E M L St Edmund’s, 10 Worsley road, Hamp 

stead N W 

1890 *Searle, G F C,ScD,FRS Wyncoie, Hills road, Cambiidge 

1906 *See, T J J,AM,PhD,FRAS, Professor of Mathematics, 

U S Navy Naval Observatory, Mare Island, California 

1907 SSeligman, Dr C G 36 Finchley road, N W 
1911 *Seligman, Mrs C G 36 Finchley road, N W 

1913 §Seligmann, Miss Emma A 61 Kirklee road, Kelv inside, Glasgow 

1904 JSell, W J 19 Lensfield road, Cambndge 

1909 {Sellars, H Lee 225 Fifth avenue, New York, USA 

1888 *Senieb, Alfred, M D , Ph D , F C S (Pres B, 1912), Pro 
lessor o± Chemistry m University College, Galway 
1 870 *Sephton, Rev J 90 Huskisson street, Liverpool 

1910 {Seton, R S , B Sc The University, Leeds 

1895 *Seton Karr, H W 8 St Paul’s mansions, Hammersmith, W 
1892 *Seward, AC,MA,DSc,FRS,FGS (Pres K, 1903 , Council, 
1901-07, Local Sec 1904), Professor of Botany in the Umver 
sity of Cambridge Westfield, Huntingdon road, Cambridge 

1913 §Seward, Mrs Westfield, Huntmgdon road, Cambridge 

1914 §Seward, Miss Phyllis Westfield Huntingdon road Cambridge 
1899 §Seymour, Henry J , BA, F G S , Professoi of Geology in the 

National University of Ireland Eailsfort ten ace, Dublin 

1891 {Shackell, E W 191 Newport road, Cardiff 

1905 *Shackleford, W C Burnt Green, Worccstershiie 

1904 {Shackleton, Lieutenant Sir Ernest H,MVO,FRGS 9 Regent 
street, S W 

1902 {Shaftesbury, The Right Hon the Earl of, K P , K C V O 
Belfast Castle, Belfast 

1913 {Shakespear, G A , D So , M A 21 Woodland road, Northfield, 

Worcestershire 

1901 *Shakespear, Mrs G A 21 Woodland road, Northfield, Worcester 
shire 

1906 {Shann, Fredenck 6 St Leonard’s, York 

1878 {Sharp, David, MA,MB,FRS, FLS Lawnside, Brocken- 
hurst, Hants 

1904 {Sharpies, George 181 Great Cheetham street West, Higher 
Broughton, Manchester 

1914 §Shaw, 4 G Merton crescent, Albert Park, Victoria 
1910 §Shaw, J J Sunnyside, Birmmgham road. West Bromwich 
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1889 *Shaw, Mrs M S , B Sc Brookhayes, Exmouth 
1883 ♦Shaw, WN,MA,ScD FRS (Pres A, 1908 , Council, 1895- 
1900, 1904-07 ) Meteorological Office, Exhibition road. 

South Kensington, S W 

1883 {Shaw, Mrs W N 10 Moreton gardens. South Kensington, S W 

1903 {Shaw Phillips, T , J P The Times Library Club, 380 Oxford 

street, W 

1912 JShearer, C Clare College, Cambridge 

1905 ^Shenstone, Miss A Sutton Hall, Barcombe, Lewes 

1906 JShenstone, Mrs AEG Sutton Hall, Barcombe, Lewes 
1865 JShenstone, Frederick S Sutton Hall, Barcombe, Lewes 

1900 §Sheppard, Thomas, F G S The Municipal Museum, Hull 
1908 §Sheppard, W F , Sc D , LL M Board of Education, White 

hall, S W 

1883 JSherlock, David Rahan Lodge, Tullamore, Dublin 
1883 JSherlock, Mrs David Rahan Lodge Tullamor^, Dublin 

1896 JShebbington, C S,MD,DSc, FRS (Pres I, 1904 , Council, 

1907-14), Professor of Physiology in the University of Oxford, 
9 Chadlington roid, Oxfoid 

1888 *Shickle, Rev C W,MA,FSA St John’s Hospital, Bath 
1908 ♦Shickle, Miss Mabel G M 9 Cavendi*=»h crescent, Bath 

1883 *Shilhtoe, Buxton, F R C S Ardvernis, 3 Richmond gardens, 
Bournemouth 

1887 *Shipley, Arthur E , M A , D Sc , FRS (Pres D, 1909 , 
Council, 1904-11), Master of Chnst’s College, Cambridge 

1897 JShorb, Dr Lewis E St John’s College, Cambndge 

1882 JShore, T W , M D , B Sc , Lectuier on Comparative Anatomy at 

St Bartholomew’s Hospital 6 Kangswood road. Upper Nor 
wood, S E 

1901 JShort, Peter M , B Sc 1 Deronda road. Heme Hill, S E 

1908 §Shorter, Lewis R , B Sc 29 Albion street, W 

1904 ♦Shrubsall, F C , M A , M D 34 Lime grove, Uxbridge road, W 
1910 JShuttleworth, T E 6 Park avenue, Riverdale road Sheffield 

1889 JSibley, Walter K , M A , M D 6 Cavendish place, W 

1902 JSiddons, A W , M A Harrow on the Hill, Middlesex 

1883 ♦Sidebotham, Edward John Erlesdene, Bowdon, Cheshire 
1877 ♦Sidebotham, Joseph Watson Merlewood, Bowdon Cheshire 
1914 *Sidgwick Mis U M 27 Gring( loid, Cimbndgc 

1913 ♦SiDGWiCK, N V Lincoln College, Oxford 

1873 *SiBMBNS, Alexander, M Inst C E Caxton House, Westminster, 
S W 

1905 JSiemens, Mrs A Caxton House, Westminster, S W 

1914 §Silberberg, H B 8 O Connell street S\dne)^, N S W 
L903 ♦Silberrad Dr Oswald Buckhurst Hill, Essex 

1915 §SiMON, Councillor F D (Local Secretary, 1915 ) 20 Mount 

street Manchester 

1871 ♦Simpson, Sir Alexander R , M D , Emeritus Professor of Mid 
wifery in the University of Edinburgh 52 Queen street 
Edinburgh 

1914 §Simp«‘On, Di G C Meteorological Depaitment, Snnli Indi 

1913 ♦Simpson, J A , M A , D So 62 Academy street, Elgin 

1863 JSimpson, J B , F G S Hedgefield House, Blaydon on Tyne 

1909 JSimpson, Professor J G MoGdl University, Montreal, Canada 
1908 JSimpson, J J , M.A , B Sc Zoological Department, Maiischal 

College, Aberdeen 

1901 ♦Simpson Ih*ofessor J Y,MA,DSc,FRSE 26 Chester street, 
Edinburgh 
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1907 JSimpson, l4ieut -Colonel R J S , C M G 66 Shootei’s Hill road, 
Blackheath, S E 

1909 *Siuipson, Samuel, B Sc Direcfoi of Aiijri culture, Kampali, 
Uj? xnda 

1909 ^Simpson, Sutherland, M D Cornell University Medical College 
Ithaca, New York, USA 

1896 ♦Simpson, W , F G S Catteral Hall, Settle, Yorkshire 

1884 ♦Simpson, Professor W J R,CMG,MD 31 York terrace. 
Regent’s Park, N W 

1909 tSmolair, J D 77 Spence street, Winnipeg 

1912 ISinclair, Sir John R G , Bart , D S O. Barrock House, Wick, N B 

1907 ♦Sircar, Dr Amnta Lai, LMS, PCS 61 Sankaritola, Calcutta 
1906 *Sjogrbn, Professor H Natural History Museum, Stockholm, 

Sweden 

1914 §Skoats, Professor E W , D Sc The Umvcrsitv, Melbourne 

1902 fSkeffington, J B , M A , LL D Waterford 
1906 {Skerry, HA St Paul’s square, York 

1883 {Skilhcome, W N 9 Queen’s parade, Cheltenham 

1910 {Skmner, JO 76 Ivy Park road, Sheffield 

1898 {Skinner, Sidney, M A (Local Sec 1904 ) South Western 
Polytechnic, Manresa road, Chelsea S W 
1906 ♦Skyrme, C G Baltimore, 6 Grange road. Upper Norwood, S E 

1913 §Skyrme, Mrs C G Baltimore, 6 Grange road. Upper Norwood, 

S E 

1913 ♦Slade, R E , D Sc Universitv College, Gower street, W C 
1887 {Small, Evan W,MA,BSc,PGS 48 Kedleston road, Derby 

1903 ♦Smallman, Raleigh S Eliot Lodge, Albemarle road, Beckenham 
1902 {Smedley, Miss Ida 36 Russell square, W C 

1911 {Smiles, Samuel The Quarry, Sanderstead road, Sanderstead, 

Surrey 

1911 §Smith, A Malms, M A St Audrey’s Mill House, Thetford, Nor 
folk 

1914 §Sinith, Profes^oi \ Micih vSchool of Mints Ball ii at, Victoria 
1892 {Smith, Alexandei, B Sc ,Ph D , F R S E Department of Chemistry, 

Columbia University, New York, USA 

1908 {Smith, Alfred 30 Merrion square, Dublm 

1897 {Smith, Andrew, Principal of the Veterinary College, Toronto, 

Canada 

1901 ♦Smith, Miss Annie Lorrain 20 Talgarth road, West Kensing- 
ton, W 

1914 §Smith, Arthur Elliot 4 Willow Bank, Fallowfield, Manchester 
1873 {Smith, C Sidney Sussex College, Cambridge 
1889 ♦Smith, Professor C Michie, CIE,BSc,FRbE 1^R\S 
Winsford, Kodaikanal, South India 

1910 {Smith, Charles 11 Winter street, Sheffield 

1900 §Smith, E J Grange House, Westgate Hall, Bradford 

1913 ♦Smith, Miss EM 40 Owlstone road, Newnham, Cambridge 
1908 {Smith, E Shrapnell 7 Rosebery avenue, E C 
1886 ♦Smith, Mrs Emma Hencotes House, Hexham 

1901 §Smith, F B Care of A Croxton Smith, Esq , Burhngton House, 

Wandle road, Upper Tooting, S W 
1866 ♦Smith, F C Bank, Nottingham 

1911 §Smith, F E National Physical Laboratory, Teddmgton, Middle 

sex 

1912 {Smith, Rev Frederick The Paisonage, South Queensferry 
1897 {Smith, G Elliot, MD, FRS (Pres H, 1912), Professor of 

Anatomy in the University of Manchester 
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1914 §Smith, Mrs G Elliot 4 Willow Bank, I* allowfield, Manchester 
1911 tSmith, Geoffrey W , M A , F L S New College, Oxford 
1903 *Smith, Professor H B Lees, M A , M P The University, Bristol 
1910 § Smith, H Bompas, M A Victoria University, Manchester 
1889 *Smith, Sir H Llewellyn, KCB, MA, BSo, FSS (Pres F, 
1910 ) Board of Trade S W 

1860 *Smith, Heywood, M A , M D 10 York avenut , Hove 
1876 *Smith, J Guthne 5 &rklee gardens, Kelvmside, Glasgow 

1902 JSmith, J Lorrain, M D , F R S , Professor of Pathology in the 

University of Edinburgh 

1903 ♦Smith, James Pinewood, Orathes Aberdeen 

1914 §Smith, Mi‘^s L Wmsford, Kodaikanal, South India 

1914 §Smith, Latimer Elliot 4 Willow Bank Fallowheld, Manchester 

1910 § Smith, Samuel Central Library, Sheffield 

1894 § Smith, T Walrond Care of Frank Henderson, Esq , 19 Manor- 
road, Sidcup, Kent 

1910 JSmith, W G , B Sc , Ph D College of Agriculture, Edinburgh 
1896 ♦Smith, Rev W Hodson 104-122 City road, E C 

1911 JSmith, W Parnell The Grammar School, Portsmouth 

1913 JSmith, Walter Campbell British Museum (Natural History), 

Cromwell road, S W 

1886 ♦Smith, Watson 34 Upper Park road, Haverstock Hill, N W 
1909 JSmith, William 218 Sherbrooke street, Winnipeg, Canada 
1883 JSmithells, Arthur, B Sc , F R S (Pres B, 1907 , Local Sec 1890), 
Professor of Chermstry in the Uni\ ersity of Leeds 
1906 §Smurthwaite, Thomas E , F R A I 134 Mortimer road, Kensal 
Rise, N W 

1909 JSmylie, Hugh 13 Donegall square North, Belfast 

1867 ♦Smyth, John, MA, FCS, FRMS, M Inst C E I Milltown, 
Banbndge, Ireland 

1914 §Sniylh, John, M A , Ph I) Teichers’ Collego, Cirlton, \ ictona 

1908 §Smythe, J A , Ph D , D So 10 Queen’s gardens, Benton, New- 

castle on Tyne 

1888 ♦Snaps, H Lloyd, D Sc , Ph D Balholm, Lathom road South 
port 

1913 ♦Snell, J F C , M Inst C E 8 Queen Anne’s gate, S W'' 

1905 ''’SoDDY F , M 4 , F R S Professor of Chtjuistry m the Uni\eiNity 

of Aberdeen 

1906 JSollas, Miss I B J , B So Newnham College, Cambridge 

1879 ♦SoLLAS, W J, MA, ScD, FRS, FRSE, FGS (Pres C, 
1900 , Council, 1900-03), Professor of Geology in the Univer- 
sity of Oxford 173 Woodstock road, Oxford 
1900 ♦Somerville, W , D Sc , F L S , Sibthorpian Professor of Rural 
Economy in the University of Oxford 121 Banbury road, 
Oxford 

1910 ♦Sommerville, Duncan M Y The Univeisil>, St Andicws N B 
1903 JSoulby, R M Sea Holm, Westbounie road, Birkdale, Lanca- 
shire 

1903 tSouthall, Henry T The Graig, Ross, Herefordshire 
1866 *Southall, John Tertius Parkhelds, Ross, Herefordshire 
188 1 JSpanton, Wilham Dunnett, F R C S Chatterley House, Hanley, 
Staffordshire 

1913 §Sparke, Thomas Sparrow 33 Birkby crescent, Huddersfield 

1909 jSparhng, Rev J W , D D 169 Kennedy street, Wmnipeg, Canada 
1893 ♦Speak, John Barton Grange, Barton, near Boston 

1910 JSpearman, C Birnam, Guernsey 

1914 F 
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1912 §Speers, Adam, B So , J P Holywood, Belfast 

1914 §Speiice, Mrs C J The Old Hall, Cheadle, Cheshire 
1914 §Spenceb, Professoi W Baldwin, CMG MA,DSc,rRS 
The University, Melbourne 

1910 jiSpioer, Rev E 0 The Rectory, Waterstock, Oxford 

1864 ♦Spicer, Henry, BA, FLS, PGS 14 Aberdeen park*, High- 
bury, N 

1894 jiSpiers, A H Gresham’s School, Holt, Norfolk 
1864 ♦Spillbr, John, F C S 2 St Mary’s road, Canonbury, N 
1864 ♦Spottiswoode, W Hugh, F C S 6 Middle New street. Fetter- 
lane, E C 

1909 jiSprague, BE 76 Edmonton street, Winnipeg, Canada 
1864 ♦Sprague, Thomas Bond, MA.LLD.FRSE 29 Buckingham- 
terrace, Edinburgh 

1888 '‘♦Stacy, J Sargeant 164 Shoreditch, E 

1903 %8Umworthy^ Rev George B The Manse, Hindhead, Haslemere, 
Surrey 

1883 ♦Stanford, Edward, F R G S 12-14 Long acre, W C 
1014 ♦Stanley, Hon Sir Arthur, K C M G State Government House, 
Melbourne 

1894 ♦Stansfield, Alfred, D Sc McGill University, Montreal, Canada 

1909 JStansfield, Edgar Mines Branch, Department of Mines, Ottawa 

Canada 

1900 *Stansfield, Professor H , D Sc Hartley University College, 
Southampton 

1913 §Stanton, T E , D Sc , F R S National Physical Laboratory, led 

dmgton, Middlesex 

1911 §Stapf, Dr Otto, F R S Royal Gardens, Kew 

1899 fSTVRLTNO E H, MB IRS (Pres 1 1909, Council, 1914- ), 

Professor of Physiology in University College, London, \\ C 
1898 IStather, J. W , F G S Brookside, Newland Park, Hull 
Staveley, T K Ripon, Yorkshire 

1907 §Staynes, Frank 36-38 Silver street, Leicester 

1910 %Stead, F B ^0 St Mary's mansions, Paddington, W 

1900 ♦Stead J E , F R S (Pres B, 1910 ) Laboratory and Assay Office, 

Middlesbrough 

1881 tStead, W H Beech road, Reigate 

1892 ♦Stebbino, Rev Thomas R R , M A , F R S Ephraim Lodge, 
The Common, Tunbridge Wells 
1896 *Stebbino, W P D , F G S 78a Lexham-sardens W 

1914 §Stpete, Professor B D The University, Brisbane Australia 

1911 JSteele, L J,MIEE HM Dockyard, Portsmouth 

1908 JSteele, Lawrence Edward, M A , M R I A 18 Crosthwaite park 

East, Kingstown, Co Dublin 

1912 §Steggall, J E A , M A , Professor of Mathematics m University 

College, Dundee Woodend, Perth road, Dundee 
1911 iStem, Sii Marc Auiel, K C J E , D Sc , D Litt Merton College, 
Oxford 

1909 ]:Stemkop], Max 667 Mam street, Winnipeg, Canada 

1884 ♦Stephens, W Hudson Low Ville, Lewis County, New York, 
USA 

1902 {Stephenson, G Grianan, Glasnevin, Dublin 

1910 ♦Stephenson, H K Banner Cross Hall, Sheffield 

1911 {Stern, Moritz 241 Bristol road, Birmmgham 
1909 tStethem, G A Fort Frances, Ontario, Canada 

1908 ♦Steven, Alfred Ingram, M A , B Sc 60 Onslow road, Fairfield, 
Liverpool 
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1906 {Stevens, Miss C O The Flam, Foxcombe Hill, Oxford 

1900 {Stbvbns, Fbbdbbiok (Local Sec 1900 ) Town Clerk's Office, 

Bradford 

1880 ^Stevens, J Edward, LL B Le Mayals, Blaokpill, B S O 

1905 §Stewart, A F 127 Isabella street, Toronto, Canada 

1909 {Stewart, David A , M D 407 Pritchard avenue, Winnipeg, 

Canada 

1875 ♦Stewart, James, BA, FRCP Ed Junior Constitutional Club, 

Piccadilly, W 

1901 ♦Stewart, John Joseph, M A , B Sc 2 Stow Park crescent, New- 

port, Monmouthshire 

1901 ♦Stewart, Thomas St George's chambers. Cape Town 
1911 {Stibbs, H A Portsea Island Gas Company, Commercial road, 
Portsmouth 

1913 ♦Stiles, Walter The University Leeds 

1914 §8till^ell J L M Sc Universitv ot Adelaide South Australia 
1^14 ^Stilling, Miss A M 48 Melbourne street. North Adelaide, 

South Australia 

1914 §SriRLtNo, E C,CMG MA,MD,FRS, Professor of Phy<»i- 
ology m the University of Adelaide, South Austraha 

1876 {Stirling, William, MD,DSc,FRSE, Professor of Physiology 

in the Victoria Umversity, Manchester 

1904 {Stobbs, J T Dunelm, Basford Park, Stoke on Trent 

1906 ♦Stobo, Mrs Annie Somerset House, Garelochhead, Dumbarton- 

shire, N B 

1901 ♦Stobo, Thomas Somerset House, Garelochhead, Dumbartonshire, 
NB 

1883 ♦Stocker, W N , M A Brasenose College, Oxford 

1898 ♦Stokes, Professor George J , M A 5 Fernhurst villas. College- 

road, Cork 

1899 ♦Stone, Rev F J Radley College, Abingdon 

1874 {Stone, J Harris, MA,FLS,FCS 3 Dr Johnson’s buildings. 
Temple, E C 

1905 {Stoneman, Miss Bertha, D Sc Huguenot College, Wellington, Cape 

ProMnee 

1895 ♦Stoney, Miss Edith A 20 Reynolds close, Hampstead Way, 
N W 

1908 ♦Stoney, Miss Florence A , M D 4 Nottmgham place, W 
1878 ♦Stoney, G Gerald, F R S Oakley, Heaton road, Newcastle upon- 
Tyne 

1883 {Stopes, Mrs 7 Denning road, Hampstead N W 
1903 *Stopes, Marie C , D Sc , Ph D , F L S 14 Well walk, Hampstead, 
N W 

1910 §Storey, Gilbert Department of Agriculture, Cairo 

1887 ♦Storey, H L Bailngg, Lancaster 

1888 *Stothert, Percy K Woolley Grange, Bradford on Avon, Wilts 
1905 ♦Stott, Clement H , F G S P O Box 7, Pietermaritzburg, Natal 

1881 {Strahan, Aubrey, MA, ScD,FRS,FGS (Pres C, 1904), 

Director of the Geological Survey of Great Britain Geo- 
logical Museum, Jermyn street, S W 

1905 {Strange, Harold F P O Box 2527, Johannesburg 

1908 ♦Stratton, F J M , M A Gonville and Cams College Cambridge 
1914 §Street, Mr Justice Judges’ Chambers, Supreme Couit, Sydney, 
NS W 

1906 ♦Stromeyer, C E 9 Mount street, Albert square, Manchester 
1883 §Strong, Henry J , M D Colonnade House, The Steyne, Worthing 
1898 ♦Strong, W M , M D 3 Champion park, Denmark HiU, S E 
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1887 ♦Stroud, H , M A , D So , Professor of Physics m the Armstrong 
College, Newcastle upon-Tyne 

1887 *Stboud, William, D So , Professor of Physics in the Umversity 
of Leeds Care of Messrs Barr & Stroud, Annieslaad, 
Glasgow 

1876 ♦Stuart, Charles Maddock, M A St Dunstan’s College, Catfdrd, S E 
1872 ♦Stuart, Rev Canon Edward A ,M A The Precincts, Canterbury 

1886 :|;Stump, Edward C Malmesbu^, Polefield, Blackley, Manchester 
1909 tStupart, R E Meteorological Service, Toronto, Canada 

1879 ♦Stynng, Robert Bnnkcliffe Tower, Sheffield 
1891 *8udbor(mgh. Professor J J , Ph D , D Sc Umversity College of 
Wales, Aberystwyth 

1902 §Sully, H T Scottish Widows buildings, Bristol 

1898 JSully, T N Avalon House, Queen’s road, Weston super Mare 
1911 {Summers, A H , M A 16 St Andrew’s road, Southsea 

1887 ♦SiTMPNEU, W E , D Sc Technical School, Suffolk street, Bir- 

mingham 

1908 {Sutherland, Alexander School House, Gersa, Watten, Caithness 

1913 §Sutton, A M Buoklebury place, Woolhampton, Berkshire 

1914 §Sutton, Harvey, M D B Sc 1 rinitv Collesce, Pirkville Victoria 
1911 §Sutton, Leonard, ELS Hillside, Reading 

1911 {Sutton, W L , E I G Hillcroft, Eaton, Norwich 

1903 {Swallow, Rev R D , M A Chigwell School, Essex 
1905 {Swan, Miss Mary E Overhill, Warlingham, Surrey 

1911 ♦Swann, Dr \\ E Department of Tei res trial Masnctism, 
Cainegie Institution of W ashington, \\ ishington D C , U S A 
1897 {Swanston, William, F G S Mount Collyer Factory, Belfast 
1914 §Sweet, George, h G S The Clo'^e, Biunswick Victoria 
1914 §Sweet, Miss Georgina D Sc The Close, Blun‘^wKk, Victoria 

1913 {Swift, Richard H 4839 St Lawrence avenue, Chicago 

1914 §Swinburne, Hon Geoige 130 CoUiiis street Ibouriie 

1887 §SwiNBirRNE, James, F R S , M Inst C E 82 Victoria street, 
S W 

1870 ♦Swinburne, Sir John, Bart Capheaton Hall, Newcastle upon Tyne 
1913 :j Swmnerton, H H 441 Mansheld road, Nottingham 
1887 ♦S^’-kes, George H , M A , M Inst C E , ESA Glencoe, 64 Elm 
bourne road Tooting Common, S W 

1913 §Syke&, Godfrey G Desert Laboratory, Tucson, Arizona, USA 
1896 ♦Sykes, Mark L , E R M S 10 Headingley avenue, Leeds 

1902 *Sykes, Major P Moles worth, C M G Elcombs, Lyndhurst, 
Hampshire 

1902 *Sykes, Miss Ella C Elcombs, Lyndhurst, Hampshire 

1006 {Sykes, T P , M A 4 Gathome street. Great Horton, Bradford 
1014 §Syme, Mrs D York Balwyn, Victoria 

1903 §Symington, Howard W Brook! ands. Market Harborough 

1886 {Symington, Johnson, MD, FRS, ERSE (Pres H, 1903), 
Professor of Anatomy in Queen’s University, Belfast 

1914 §Symington, Miss N Queen’s University Belfast 
1908 {Synnott, Nicholas J Furness, Naas, Co Kildare 


1910 ♦Tait, John, M D , D So 44 Viewforth terrace, Edinburgh 

1912 {Talbot, P Vmaury Abbots Morton, Inkberiow Worcestershire 
1904 §Tallaok^ H T Clovelly, Birdhurst-road, South Croydon 

1913 ^Tangye, William Westmere, Edgbaston Park road, Birmmgham 
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1903 *Tanner, Miss Ellen G Parkside, Corsham, Wilts 
1892 *Tanslby, Arthur O , M A , F L S Grantchester, near 
Cambridge 

1908 JTarlbton, Francis A , LL D 24 Upper Leeson street, Dublin 
1861 ^Tarratt, Heniv W 25 Glyn mansions, Addi=«on Bridge, Ken 
smgton, W 

1902 JTate Miss Rantalard Wliitehouse Belfast 

1913 §Tattersall, W M , D Sc Ihe Museum, The University, Manchester 

1914 *Taylor, C Z 21b Smith stieet, Collingwood, Victoria 

1908 JTaylor, Rev Campbell, M A United Free Church Manse, 
Wigtown, Scotland 

1887 JTaylor, G H Holly House, 235 Eccles New road, Salford 

1881 *Taylor, HA 12 Melbury road, Kensington, W 
1906 JTaylor, H Dennis Stancliile, Mount villas, York 

1884 *Taylor, H M , M a , F R S Trinity College, Cambndge 

1882 *Taylor, Herbert Owen, M D Oxford street Nottingham 

1914 §Taylor, J M , M A Public Sei vice J^o ird, 4 O’Connell street, 
Sydney, NSW 

1913 J S The Corinthians, Warwick road, Acock’s Green 

1860 ’•‘Taylor, John, M In&t C E 6 Queen Street place, E C 
1906 §Taylor, Miss M R Newstead, Blundellsands 

1884 *Taylor, Miss S Oak House, Shaw, near Oldham 
1894 *Taylor, W W , M A 66 St John’s road, Oxford 

1901 *Teacher, John H , M B 32 Kings borough gardens, Glasgow 
1858 JTbalb, Thomas Pridoin, M A , F R S 38 Cookridge street, 

l^eeds 

1885 JTball, j j H,MA,DSc,FRS,FGS (Pres C, 1893 , Council, 

1894-1900, 1909- ) Athenaeum Club, S W 
1906 ♦Teape, Rev W M , M A South Hylton Vicarage, Sunderland 
1910 JTebb, W Scott, M A , M D 15 Finsbury ciicus, E C 
1879 jTemple, lieutenant G T, RN,FRGS Solheim, Cumberland 
Park Acton W 

1913 §Temple, Sir R C , Bart , C I E (Pres H, 1913 ) The Nash, 
Worcester 

J892 ♦Tesla, Nikola 45 West 27th street. New York, USA 

1883 {Tetley, C F The Brewery, Leeds 
1883 {Tetley, Mrs C F The Brewery, Leeds 

1882 *Thanb, George Dancer, LL D , Professor of Anatomy in Uni 

versity College, London, W C 

1871 {Thiselton Dyer, Sir W T, KCMG, CIE, MA, BSc, 
PhD, LLD, FRS, FLS (Pres D, 1888, Pres K, 
1895 , Council, 1885-89, 1895-1900 ) The Ferns, Witcombe, 
Gloucester 

1906 *Thod4Y, D The University, Manchester 
1906 *Thoday, Mrs MG 5 Lyme park, Chinley, Stockport 
1870 {Thom, Colonel Robert Wilson, J P Brooklands, Lord street 
West, Southpoit 

1891 *Thomas, Miss Clara Pencerrig, Builth 

1903 ♦Thomas, Miss EtiieLi N , B Sc 3 Downe mansions, Gondar- 

gardens West Hampstead N W 

1913 {Thomas, H H , M A , B Sc , F G S 28 Jermyn stieet, S \\ 

1910 ♦Thomas, H Hamshaw Botany School, Cambridge 
1899 ♦Thomas, Mrs J W Overdale Shortlands, Kent 

1902 ♦Thomas, Miss M Beatrice Girton College, Cambridge 

1883 {Thomas, Thomas H 45 The Walk, Cardiff 

1904 ♦Thomas, William, F R G S Bryn heulog, Merthyr Tydfil 

1891 ♦Thompson, Beeby, F C S , F G S 67 Victoria road, Northampton 
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1888 ♦Thompson, Claude M , M A , D Sc , Professor of Chemistry in 

University College, Cardiff 38 Park place Cardiff 
1886 ^Thompson, D’Arcy W, CB, BA (Pres D, 1911, Local Sec, 
1912), Professor of Zoology m University College, Dundee 
1896 ♦Thompson, Edward P Paulsmoss, Whitchurch, Salop 
1907 ♦Thompson, Edwm 26 Sefton dnve, Liverpool 
1883 ♦Thompson, Francis Eversley, Hahng Park road, Croydon 
1904 ♦Thompson, G R , B So , Principal of and Professor of Mining 
in the South African School of Mines, Johannesburg 

1912 ♦Thompson, Rev H Percy Kippington Vicarage, Sevenoaks 

1893 ♦Thompson, Harry J , M Inst C E Tregarthen, Garland’s road, 

Leatherhead 

1883 ♦Thompson, Henry G , M D 7 Heathfield road, Croydon 

1913 i^Thompson, Mrs Lilian Gilchrist Kippington Vicarage, Sevenoaks 
1913 ^Thompson, Peter 14 Rotten Park road, Edgbaston, Biimingham 
1876 ♦Thompson, Richard Dnngcote, The Mount, York 

1913 ♦Thompson, Sidney Gilchrist Kippington Vicarage, Sevenoaks 
1876 ^Thompson, Silvanxjs Puilups, BA, DSc, FRS, FRAS 
(Pres G, 1907 , Council, 1897-99, 1910- ), Pnncipal ot and 
Professor of Physics in the City and Guilds of London Tech- 
moal College, Leonard street, Finsbury, E C 
1883 ♦Thompson, T H Oldheld Lodge, Gray road, Bowdon, Cheshire* 
1896 *Thomp3on, W H , M D , D So (Local Sec 1908), King’s Professor 
of Institutes of Medicine (Ph 3 ^iology) in Tnmty College, 
Dubhn 14 Hatch street, Dubhn 

1911 ^Thompson, Mrs W H 328 Assmibome avenue, Winnipeg 

1912 ^Thompson, William Bruce Thombank, Dundee 

1912 § Thoms, Alexander 7 Playfair terrace, St Andrews 

1894 ^Thomson, Abthub, M A , M D , Professor of Human Anatomy m 

the University of Oxford Exeter College, Oxford 

1913 tThomson, Arthur W , D Sc 23 Craven Hill gardens, W 
1912 §Thomson, D C ‘ Courier ’ Buildings, Dundee 

1909 *Thomson, E 22 Monument avenue, Swampscott, Mass , U S A 
1906 § Thomson, F Ross, F G S Hensill, Hawkhurst, Kent 

1914 §1 homson, Hedley J , As«oc M Inst C E 14 Leonard place, High 

street, Kensington, W 

1890 ♦Thomson Professor J Abthub M A , F R S E Castleton House 

Old Aberdeen 

1883 {Thomson, Sir J J , O M , M A , Sc D , D Sc , F R S (Pbesident 
1909 , Pres A, 1896 , Council, 1893-96), Professor of Ex- 
perimental Physics m the University of Cambridge Trinity 
College, Cambridge 

1901 XThomsojiy Dr J T Kil'patnck 148 Norfolk street, Glasgow 

1889 ♦Thomson, James, M A 22 Wentworth place, Newcastle upon 

Tyne 

1902 {Thomson, James Stuart 29 Ladysmith road, Edmburgh 

1891 {Thomson, John Westover, Mount Ephraim road, Streatham, 

S W 

1871 ♦Thomson, John Millab, LLD, FRS (Council, 1895-1901), 
Professor of Chemistry in Kings College, London 18 Lans- 
downe-road, Holland Park, W 

1874 §Thomson, William, F R S E , F C S Royal Institution, Man 
Chester 

1880 §Thomson, Wilham J Ghyllbank, St Helens 
1906 {Thomely, Miss A M M Oaklands, Langham road, Bowdon, 
Cheshire 
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1903 *Thomely, Miss L R Niinolose» Grassendale, Liverpool 
1898 *Thobnton, W M , D So , Professor of Electncal Engineering in 
the Armstrong College, Newcastle on Tyne 

1902 IThomycroft, Sir John I , F R S , M Inst C B Eyot Villa, Chis 

wick Mall, W 

1903 $Thorp, Edward 87 Southbank road, Southport 
1881 JThorp, Fielden Blossom street, York 

1881 *Thorp, Josiah 24 Manville road. Now Brighton, Cheshire 

1898 JThobpb, Jooblyn Field, Ph D , F R S ShefiBleld University 
1871 JThorpe, SirT E,CB,PhD,LLD,FRS,FRSE,FCS 

(Pres B, 1890 , Council, 1886-92 ) Whinfield, Salcombe, Devon 

1899 §Thbblfall, Richabd, M A , F R S Oakhurst, Church road, 

Edgbaston, Birmingham 

1896 §Thbipt, William Edward, M A (Tiooal Sec 1908), Professor of 
Natural and Expenmental Philosophy in the Umversity of 
Dubhn 80 Grosvenor square, Rathmines, Dubhn 
1889 IThys, Colonel Albert 9 Rue Bnderode, Brussels 

1873 *Tiddbman, R H , M A , F G S 298 Woodstock road Oxford 
1905 JTietz, Heinnch, BA Ph D South Afncan College, Cape Town 

1874 JTilden, Sit William A, DSc,FRS, FCS (Pres B, 1888 , 

Council, 1898-1904 ) The Oaks, Northwood, Middlesex 

1913 JTilley, J W Field House, Harborne, Park road, Birmingham 

1899 Jlirns, H W Marett, M A , M D , F L S Profcs«?or of Biology 

m the Royal Vctenniry College 1 Id Oxford and Cambridge 
mansions, Marylcbone load, N \\ 

1914 §Tims, Mrs Marett 1 Id Oxford and Cambridge mansiorib, Mxrylc 

bone road, N W 

1902 JTipper, Charles J R , B So 21 Greenside, Kendal 
1905 JTippett, A M , M Inst C E Cape Government Railways, Cape 
Town 

1911 §Tizard, Henry T Oriel College, Oxford 

1900 *Tocher, J F , D Sc , F I C Crown mansions, 41^ Union street, 

Aberdeen 

1912 §Todd, John A The Nook, Alexandra Park, Nottingham 

1907 JTodd, I^ofessor J L MacDonald College, Quebec, Canada 
1889 §Toll, John M 49 Newsham dnve, Liverpool 

1875 JTorr, Charles Hawley 35 Burlington road, Sherwood, Not 

tingham 

1909 {Tory, H M Edmonton, Alberta, Canada 
1912 {Tosh, Elmslie 11 Reform street, Dundee 

1901 {Townsend, J S , M A , F R S , Professor of Physics in the 

University of Oxford New College, Oxford 

1876 *Tbail, JW H,MA,MD,FRS,FLS (Pres K, 1910), 

Regius Professor of Botany in the University of Aberdeen 

1883 {Traill, A , M D , LL D , Provost of Tnmty College, Dubhn, 

Ballylough, Bushmills, Ireland 

1870 {Traill, William A Giant’s Causeway Electric Tramway, 
Portrush, Ireland 

1902 XTravera^ Ernest J Dunmurry, Co Antrim 

1914 *Trechmann, C T Hudworth Tower, Castle Eden, Durham 

1884 {Trechmann, Charles O , Ph D , F G S Hartlepool 

1908 §Treen, Rev Henry M , B So Wioken, Soham, Cambridge 
1908 {Tremam, Miss Caroline P , B A Alexandra College, Dublm 

1910 STremearnp, Major A J N , M A , LL M 105 Blackheath park, 

SB 

1911 §Tremearne, Mrs , LL A , F L S 105 Blackheath park, S E 
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1914 §Tremearne, Mrs Ada J MandeviUe Hall, Clendon road, Toorak> 
Victoria 

1887 *Trench Gascoigne^ Mrs F R Lotherton Hall, Parhngton, Aber 
ford, Leeds 

1908 JTrenchard, Hugh The Firs, Clay Hill, Enfield 
1908 jTresilian, R S Cumnor, Eghngton road, Dublin 
1906. {Trevor Battye, A,MA, FLR,FRGS Stoner Hill, Peters 
field, Hants 

1871 {Trimen, Roland, M A , F R S , F L S , F Z S Glaslyn, Watti- 
den road, Guildlord 

1902 {Tnstram, Rev J F , M A , B So 20 Chandos road, Chorlton- 
cum-Hardy, Manchester 

1884 ♦Trotter, Alexander Pelham 8 Richmond terrace, Whitehall, 
S W 

1914 §Trouton, Eiic Iho Rydings, Redington road, Hampstead, N W 
1887 *Trouton, Frederick T , M A , Sc D , F R S (Pres A 1914 , 
Council, 1911-14) The Rydmgs, Redington road, Hamp 
stead N VV 

1914 §Trouton Mis Ihe Rydmgs, Pedmgton road, Hampstead, N W 

1898 *Trow, Albert Howard, D Sc , F L S , Professor of Botany in Uni 

versity College, Cardiff 

1913 §Tschugaell, Professor L The University, Petrograd 
1886 *Tubby, A H , M S , F R C S 68 Harley street, W 
1847 *Tuckett, Francis Fox Frenchay, Bristol 

1906 §Turmeau, Charles Claremont, Victoria Park, Wavertree, Liverpool 

1912 {Turnbull, John City Chambers, Dundee 

1901 §Turnbull, Robert, B So Department of Agriculture and Technical 
Instruction Dublin 

1914 §Tuiner, Di A J \\ ickhain terrace, Brisbane, Australia 

1893 {Turner, Dawson, M D , F R S E 37 George square, Edinburgh 

1913 §Turner, G M Kenilworth 

1894 ♦Turner, H H,MA,DSc, FRS, FRAS (Genera.l Sbore 

TARY, 1913- , Pres A, 1911), Professor of Astronomy in 

the University of Oxford Univci&ity Observatory, Oxford 

1906 {Turner, Rev Thomas St Saviour s Vicarage, 50 Fitzroy 

street, W 

1880 ♦Turner, Thomas, MSo,ARSM,PIC, Professor of Metallurgy 
in the University of Birmingham 76 Middleton Hall roici. 
King’s Noiton 

1863 ♦Turner, Sir William, KCB, LLD, DCL, FRS, FRSE 
(President, 1900 , Pres H, 1889, 1897), Principal of the 
University of Edinburgh 6 Eton terrace, Edinburgh 

1910 ♦Turner, WES The Um versity, Sheffield 

1890 ♦Turpin, G S , M A , D So High School, Nottingham 

1907 §Tutton, A E H,MA,DSo,PRS (Council, 1908-12) 

Duart, Yelverton, South Devon 
1886 ♦Twigg, G H 1 & 2 Ludgate hill, Birmingham 

1899 {Twisden, John R , M A 14 Gray’s Inn square, W C 
1907 §Twyman, F 76 a Camden road, N W 

1866 {Tylor, Sir Edward Burnett, DCL, LL D , F R S (Pres H , 
1884 , Council, 1896-1902 ) Lmden, Wellmgton, Somerset 

1911 ♦Tyndall, A M , M Sc The University, Bristol 

1883 {Tyrer, Thomas, F C S Stirling Chemical Works, Abbey-lane, 

Stratford, E 

1912 {Tyrrell, G W Geological Department, The University, Glasgow 

1884 ♦Underhill, G E , M A Magdalen College, Oxford 
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1903 JUnderwood, Captain J C 60 Soansbnck New road, Southport 

1908 §Unwin, Ernest Ewart, M Sc Grove House, Leighton Park School, 

Beading 

1883 §Unwin, John Eastohfife Lodge, Southport 

1876 *Unwin, W C , F R S , M Inst C E (Pres G, 1892 , Council, 
1892-99 ) 7 Palace Gate mansions, Kensington, W 

1909 tUrquhart, C 239 Smith street, Winnipeg, Canada 
1880 JUssHBR, W A E , F G S 28 Jermyn street, S W 

1906 tUttley, E A , Electrical Inspector to the Rhodesian Government, 
Bulawayo 


1887 *Valentine, Miss Anne The Elms, Hale, near Altnncham 

1912 JValentine, C W 103 Magdalen green, Dundee 

1908 JValera, Edward do Umveisity College, Blackrock Dublin 
1866 *Varlby, S Alfred Arrow Works, Jackson road, Holloway, N 
1907 §Vablby, W Manseroii, M A , D Sc Ph D Morningside, Eaton- 

crescent, Swansea 

1903 {Varwell, H B Sittaford, West avenue Exeter 

1909 *Vassall, H , M A The Priory, Repton, Burton on Trent 

1907 §Vaughan, Arthur, M A , D Sc , F G S Lecturer in Geology at 
the University of Oxford The Museums Oxford 
1906 J Vaughan, E L Eton College, Windsor 

1913 §Vaughton, T A Livery-street, Birmingham 

1881 iVBLEY, V H, MA, DSc, FRS 8 Marlborough place, St. 
John’s Wood, N W 

1883 *Vernoy, Lady PI is Rhoscolyn, Holyhead 

1904 *Vernon, H M , M A , M D 5 Park Town, Oxford 
1896 ♦Vernon, Thomas T Shotwick Park, Chester 

1896 * Vernon, Sir William, Bart Shotwick Park, Chester 
1890 *Villamil, Lieut Colonel R de, R E Carlisle Lodge, Rickmans- 
worth 

1906 *ViNOENT, JH,MA,DSo LCC Paddington Technical Institute, 
Saltram crescent, W 

1899 *ViNCENT, Swale, M D , D Sc (Local Sec 1909), Professor of 
Physiology m the Umversity of Manitoba, Winnipeg, 
Canada 

1883 *ViNBs, Sydney Howard, MA, DSc, FRS, FLS (Pres K, 
1900 , Council, 1894-97), Professor of Botany in the Umversity 
of Oxford Headington Hill, Oxford 
1902 JVinvcomb, T B Sinn Fern, Shooters Hill, S E 

1888 *Vogt, Mrs 478 Uxbridge road, W 

1904 §Volterra, Professor Vito Regia Universita, Rome 


1904 §Waoe, A J B Pembroke College, Cambridge 

1902 I Waddell, Rev C H The Vicarage, Grey Abbey, Co Down 
1909 JWadge, Herbert W , M D 764 Logan avenue, Winnipeg, Canada 
1888 JWadworth, H A Breinton Court, near Hereford 
1914 ^Wadsworth, Arthur Commonwealth Parhament, Melbourne 
1890 §WAaBB, Harold W T, FRS, FLS (Pres K, 1905 ) Hendre, 
Horsforth lane, Far Headingley, Leeds 
1900 JWagstaiff, C J L , B A Haberdashers’ School, Ciicklewood, N W.. 
1902 tWainwright, Joel Fmchwood Marple Bridge Stockport 
1906 JWakefield, Charles Heslmgton House, York 

1905 §Wakefield Captain E W Stncklandgate House Kendal 
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1894 JWAiiFORD. Edwin A , F G S 21 West Bar, Banbury 

1882 ♦Walkden, Samuel, P R Met S Care of George Lloyd, Esq , 

7 Coper’s Cope road, Beckenham, Kent 

1893 ^Walker, Alfred O , F L S Uloombe-place, Maidstone, Kent 

1890 t Walker, A Tannett The Elms, Weetwood, Leeds 

1901 ♦Walker, Archibald, M A , F I C Newark Castle, Ayr, N B 
1897 ♦Walker, Sir Edmund, CV0,DCL, FGS (Local Sec 1897 
Canadian Bank of Commerce, Torodto, Canada 

1904 §Walker, E R Nightingales Adlington, Lancashire 
1911 ♦Walker, E W Ainlby, M A University College, Oxford 

1905 JWalker, Mrs Ainley 31 Holywell, Oxford 

1891 JWalker, Fredenck W Tannett Carr Manor, Meanwood, J^eeds 

1894 ♦Walker, G T, MA, DSo, FRS, FRAS Red Roof, 

- Simla, India 

1897 t Walker, George Blake, M Inst C E Tankersley Grange, near 
Barnsley 

1913 §Walker, George W , F R S 63 Lensfield road, Cambridge 

1906 JWalker, J F E Gel‘?on, BA 46 Bootham, York 

1894 ♦Walker, James, M A 30 Norham gardens, Oxford 

1910 ♦Walker, James, D Sc , FRS (Pres B, 1911), Professor of 
Chemistry m the University of Edmburgh 6 Wester Coates- 
road, Edmburgh 

1906 § Walker, Dr Jamieson 37 Charnwood street, Derby 

1909 JWalker, Lewie D Lieberose, Monteith road, Cathcait, Glasgow 

1W7 JWalker, Philip F , F R G S 36 Prince’s-gardens, S W 

1909 § Walker, Mrs R 3 Riviera terrace, Rushbrooke, Queenstown, Co 

Cork 

1908 ♦Walker, Robert Ormidale, Combe Down, Bath. 

1888 JWalker, Sydney F 1 Bloomheld crescent, Bath 

1896 § Walker, Colonel Wilham Hall, M P Gateacre, Liverpool 

1914 IWalkom, A B The University, Brisbane, Austraha 

1910 JWall, G P , F G S 32 Collegiate orescent, Sheffield 

1883 JWall, Henry 14 Park road, Southport 

1911 §Wall, Thomas F , D So , Assoc M Inst C E The University, 

Birmmgham 

1905 JWallace, R W 2 Haroourt buildings. Temple, E C 

1901 JWallace, Wilham, M A , M D 26 Newton-pla'^e, Glasgow 

1887 ♦Waller, Augustus D , M D , F R S (Pres 1, 1907 ) 32 Grove 
End road, N W 

1905 §Waller, Mrs 32 Grove End road, N W 
1913 *Waller, J C , B A 32 Grove End-road, N W 
1913 ♦Waller, Miss M D , B Sc , 32 Grove End-road, N W 
1913 ♦Waller, W W , B A , 32 Grove End-road, N W 

1895 JWallis, E White, F S S Royal Samtary Institute and Parkes 

Museum, 90 Buokmgham Palace road, S W 

1894 ♦Walmisley, A T , M Inst C E 9 Victona street, Westminster, 

S W 

1891 §WalmBley, R M , D So Northampton Institute, Clerkenwell, E C 

1903 JWalsh, W T H Kent Education Committee, Caxton House 

Westminster, S W 

1895 JWalsingham, The Right Hon Lord, LL D , F R S Merton Hall, 

Thetford 

1902 ♦Walter, Miss L Edna 38 Woodberry grove, Finsbury Park, N 

1904 ♦Walters, Wilham, ]un Albert House, Newmarket 

1887 JWard, Sir a W , M A , Latt D , Master of Peterhouse, Cambridge 
1911 JWard, A W Town Hall, Portsmouth 

1881 § Ward, George, F C S Buckingham terrace, Headingley, Leeds 
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1914 §Ward, L Keith, B E Buinsido road, Keribingtori Park, South 
Austraha 

1914 §Ward, Thomas W Endohffe Vale House, Sheffield 
1905 {Warlow, Dr G P 15 Hamilton square, Birkenhead 
1884 * Warner, James D 199 Baltic street, Brookhm, USA 
1887 General Sir Charles, RE,KCB, GCMG,FRS, 

P R G S (Pros E, 1887 ) Athenaeum Club, S W 
1913 §Warren, William Henry, LL D , M Sc , M Inst 0 E , Challis Pro- 
fessor of Engineering m the University of Sydney, NSW 

1913 §Warton, Lieut Colonel R G St Helier’s, Jersey 

1914 §Waterhouse, G A , B So Royal Mint Sydney, NSW 
1875 "^Waterhouse, Major General J Hurstmead, Eltham, Kent 

1905 tWatermeyer, F S, Government Land Surveyor PO Box 973, 

Pretona, South Afnca 

1900 JWaterston, David, M D , F R S E Kmg’s College, Strand, W C 
1909 §Watkinson, Professor W H The University, Liverpool 

1884 {Watson, A G , D C L Uplands, Wadhurst, Sussex 

1901 *Watson, Arnold Thomas, F L S Southwold, Tapton Crescent 

road, Sheffield 

1886 ""Watson, C J Alton Cottage, Botteville road, Aoock’s Green, 
Birmingham 

1909 §Watson, Colonel SirC M,KCMG, CB, RE, MA (Pres 
E, 1912 ) 16 Wilton crescent S W 

1906 {Watson, D M S University College, London, W C 

1909 {Watson, Ernest Ansley, B So Alton Cottage, Botteville road, 

Aoock’s Green, Birmingham 

1892 {Watson, G , M Inst C E 5 Ruskm close, Hampstead-way, N W 

1885 {Watson, Deputy Surgeon General G A Hendre, Overton Park, 

Cheltenham 

1906 ♦Watson, Henry Angus 3 Museum street, York 
1913 §Watson, John D , M Inst C E Tyburn, Birmingham 

1894 ♦Watson, Professor W , D So , F R S 7 Upper Cheyne row, 
SW 

1879 ♦Watson, William Henry, F C S , F G S Braystones House, 
Beckermet, Cumberland 

1901 {Watt, Harry Anderson, M P Ardenslate House, Hunter’s Quay, 
Argyllshire 

1913 *Watt, James 28 Charlotte square, Edinburgh 
1875 ♦Watts, John, B A , D So Merton College, Oxford 

1873 ♦Watts, W I^rshall, D So Shirley, Venner road, Sydenham, 
S E 

1883 ♦Watts, W W,MA,MSc,FRS, FGS (Pres C, 1903, 
Council, 1902-09), Professor of Geology in the Imperial 
College of Science and Technology, London, S W 
1870 § Watts, William, M Inst C E , F G S Kenmore, Wilmslow, Cheshire 
1911 {Waxweiler, Professor E Solvay Institute, Brussels 
1905 {Way, W A , M A The College Graaf Reinet, South Afnca 

1907 {Webb, Wilfred Mark, F L S The Hermitage, Hanwell, W 

1910 {Webster, Professor Arthur G Worcester, Massachusetts, USA 
1910, {Webster, William, M D 1252 Portage avenue, Winnipeg, Canada 
1904 §Wedderbum, Ernest Maclagan, F R S E 7 Dean Park crescent, 

Edinburgh 

1903 {Weekes, R W , A M Inst C E 65 Hayes road, Bromley, Kent 

1914 §Weir, G North Mme, Broken Hill, New South Wales 

1890 ♦ Wetss, Frederick Ernest, D Sc F L S (Pres K, 1911 , Council, 
1914- ), Professor of Botany in the Victoria University, 
Manchester 
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1905 tWelby, Miss F A Hamilton House^ Hall road, N W 

1902 JWelon, R J 49 Lonsdale street, Belfast 
1894 ijiWeld, Miss 119 lffley*road, Oxford 

1880 ’*‘Weldon, Mrs Merton Lea, Oxford 

1908 jiWelland, Rev C N Wood Park, Kingstown, Co Dublm 

1881 IWelloome, Henry S Snow Hill buildings, E C 

1911 fWELLDON, Right Rev J E C , D D (Pres L, 1911 ) The Deanery, 

1908 XWdhschf EM 17 Park aireet, Cambridge 

1881 JWells, Rev Edward M A West Dean ]^otory, Salisbury 

1911 ^WEiiSFORD, Miss E J Imperial College of Science, S W 

Wentworth, Fredenck W T Vernon Wentworth Castle, near 
Barnsley, Yorkshire 

1864 ♦Were, Anthony Berwick The Limes, Walland’s Park, Lewes 
1886 *Wertheimer, Julius, D Sc , BA, F I C , Dean of the Faculty of 
- Engmeermg m the Uni\etsity of Bristol 

1910 §W EST, G S , M A , D Sc , Professor of Botany in the University of 

Birmmgham 

1903 JWestaway, F W 1 Pemberley crescent, Bedford 

1882 ♦Westlake, Ernest, F G S Fordingbndge, Sabsbury 

1900 JWethey, E R,MA,FRGS 4 Cunhfie villas, Manmngham, 
Bradford 

1909 {Wheeler, A O , F R G S The Alpine Club of Canada, Sidney, 

B C , Canada 

1878 *Wheeler, W H , M Inst C E 4 Hope park, Bromley, Kent 
1893 ♦Whbtham, W C D,MA,FRS Upwater Lodge, Cambndge 
1888 {Whidbome, Miss Alice Mana Charant^, Torquay 

1912 fWhiddington, R , M A , D Sc St John’s College, Cambridge 

1913 {Whipp, E M 14 St George’s road, St Anne’s on Sea 

1912 ♦Whipple, F J , M A Meteorological Office, South Kensmgton, S W» 
1898 ♦Whipple, Robert S Scientific Instrument Company, Cam 

bridge 

1859 ♦Whitakfr, William, BA,FRS,FGS (Pres C, 1895 , Council, 
1890-96 ) 3 Campden road, Croydon 

1884 {Whitcher, Arthur Henry Dominion Lands Office, Winmpeg,Canada 
18J7 {Whitcombe, George The Wotton Elms, Wotton Gloucester 
1886 {WnifE A Silva Clarendon Lodge, St John’s gardens Holland 

Park, W 

1908 {White, Mto A Silva Clarendon Lodge, St John’s gardens, 
Holland Park, W 

1911 {White, Miss E L , M A Day Training College, Poitsmouth 

1913 §White, Mrs E W Anelgate, Harborne road, Edgbaston, Bir 

mingham 

1904 {White, H Lawrence, BA 33 Rossington road, Sheffield 

1885 ♦White, J Martin Balruddery, Dundee 

1914 § White, Dr Jean Prickly Pear Expciimental Station Dulacca 

Queensland, Austraha 

1910 ♦White, Mrs Jessie, D Sc , B A 49 Gordon mansions, W C 

1912 § White, R G , M Sc University College, Bangor, North Wales 
1877 ♦White, Wilham 20 Hillersdon avenue, Church road, Barnes, S W 

1904 {Whitehead, J E L,MA (Local Sec 1904) Guildhall, Cambridge 

1913 {Whitehouse, Richard H , M Sc Queen’s University, Belfast 

1905 {Whiteley, Miss M A , D Sc Impeiial College of Science and 

Technology, S W 

1893 §Whiteley, R Lloyd, F C S , F I C Mumcipal Science and Tech 
meal School, West Bromwich 
1907 * Whitley, E 13 Lmton road, Oxford 
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1906 *Whitmee, H B P O Box 470, Durban, Natal 
1891 {Whitmell, Charles T , M A , B So Invermay, Hyde Park, 
Leeds 

1897 IWhittakbb, E T , M A , F R S , Professor of Mathematics in 
the University of Edmburgh 
1901 • {Whitton, James City Chambers, Glasgow 

1906 §Wibberley, C , M V O Solheim, Branstone road, Kew Gaidens, 
Surrey 

1913 §WiCKSTBED, Rev Philip H , M A (Pres F, 1913 ) Childrey, 

Wantage Berkshire 

1912 §Wight, Dr J Sherman 30 Schermerhoin street, Brooklyn, USA 
1889 *WiLBBBFOBOB, L R , M A , Professoi of Physics in the Umversity 

of Liverpool 

1914 §Wilcock, J L 9 East rood, Lancabtcr 

1887 *WiLDB, Hbnby, DSo,DCL,FRS The Hurst, Alderley Edge, 

Cheshire 

1910 §Wilkins, C F Lower Division, Eastern Jumna Canal, Delhi 
1906 fWilkins, R F Thatched House Club, St James’s-street, S W 
1904 j Wilkinson, Hon Mrs Dnnghouses Manor, York 

1900 § Wilkinson, J B Holme lane, Dudley Hill Bradford 

1913 JWillcox, J Edward, M Inst C E 27 Calthorpe road, Edgbaston, 

Birmingham 

1903 fWillett, John E 3 Park road, Southport 

1904 * Williams, Miss Antonia 6 Sloane gardens, S W 

1905 §William8, Gardner F 2201 R street, Washington, DC, USA 
1883 t Williams, Rev H Alban, M A Sheering Rectory, Harlow, Essex 
1861 *Williams, Harry Samuel, M A , F R A S 6 Heathfield, Swansea 
1875 ♦Wilhams, Rev Herbert Addams Llangibby Rectory, near Now 

port, Monmouthshire 

1891 §Wilhams, J A B , M Inst C E Bloomfield, Branksome Park, 
Bournemouth 

1883 *Wilhams, Mrs J Davies 6 Chepstow mansions, Bays water, W 

1888 ♦Wilhams, Miss Kathanne T Llandaff House, Pembroke vale, 

Chfton, Bristol 

1901 ♦Williams, Miss Mary 6 Sloane gardens, S W 
1891 tWilhams, Morgan 6 Park place, Caidiff 
1883 t Williams, T H 27 Water street, Liverpool 

1877 ♦Williams, W Cabletok, F C S Broomgrove, Gormg on Thames 

1906 {WtZitams W F Lobb 32 Loymdes street, 8 W 

1857 JWiLLiAMSON, Benjamin, MA, DCL, FRS Trinity College, 
Dublin 

1894 ♦Williamson, Mrs Janora 18 Rosebery gardens, Ciouch End, N 

1910 {Williamson, K B , Central Provinces, India Care of Messrs 

Giindlav & Co 54 Parliament street, S W 
1913 {Willink, H G Hillfields, Burghfield, Moitimei, Berkshire 
1896 JWiLLiNK W (Local Sec 1896 ) 14 Castle street, Liverpool 

1895 {Willis, John C) , M A , F L S Jardin Botanioo, Rio de Janeiro 

1896 IWiiusoN, J S (Local Sec 1897 ) Toronto Canada 
1913 * Wills, L J , M A , F G S The University, Birmingham 

1899 §Willson, George Lendarac, Sedlescombe road, St Leonards on 
Sea 

1899 § Willson, Mrs George Lendarac, Sedlescombe road, St Leonards- 
on Sea 

1913 {Wilmore, Albert, D Sc , F G S Fembank, Colne 

1911 ♦Wilmott, A J , B A Natural History Museum S W 

1911 §Wilsmore, Professor N T M D Sc The University, Perth, 
Western Australia 
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1911 §Wilsmore, Mrs The University, Perth, Western Australia 
1908 §Wilson, Miss Glenheld, Deighton, Huddersfield 

1901 fWilson, A Belvoir Park, Newtownbreda, Co Down 

1878 {Wilson, Professor Alexander S , M A , B So United Free Church 

Manse, North Queensferry 

1906 {Wilson, AW P O Box 24, JLandaagte, South Afnca 

1907 fWilson, A W Low Slack, Queeirs road, Kendal 

1905 {Wilson, C T R,MA,FBS Sidney Sussex College, Cambridge 
1894 *Wilson, Charles J.FIC.PCS 14 Suffolk street, Pall Mall, S W 
1904 fWilson, Charles John, F B G S Deanfield, Hawick, Scotland 

1912 {Wilson, David, M A , D Sc Carbeth, Killearn, N B 
1904 §Wilson, David, M D Glenfield, Deighton, Huddersfield 

1912 ♦Wilson, David Alec 1 Broomfield road, Ayr 

1900 ♦Wilson, Duncan R 44 Whitehall court, S W 
1896 {Wilson, Dr Gregg Queen’s University, Belfast 

1914 §Wilson, H C Department of Agiiculture, Research Station 
Wenibee, Victoria 

1901 {Wilson, Harold A, MA, DSc, FRS, Professor of Phjrsics in 

the Rice Institute, Houston, Texas 

1902 ♦Wilson, Harry, F I C 32 Westwood road, Southampton 

1879 {Wilson, Henry J , M P Osgathorpe Hills, Sheffield 
1910 ♦Wilson, J S 29 Denbigh street, S W 

1913 §Wilson, Professor J T , M B , F R S University of Sydney, 

Sydney, NSW 

1908 §Wilson, Professor James, M A , B Sc 40 St Kevin’s paik, Dartry 

road, Dublm 

1879 {Wilson, John Wycliffe EasthiU Fast Bank road Sheffield 
1901 ♦Wilson, Joseph, F R M S The Hawthorns 3 W est Park ro-id, 
Kew Gardens, Surrey 

1908 ♦Wilson, Malcolm, D Sc , F L S , Lecturer m Mycology and Bac 

teriology m the University of Edinburgh Royal Botanic 
Gardens, Edinburgh 

1909 §Wilson, R A Hinton, Londonderry 

1847 ♦Wilson, Rev Sumner Preston Candover Vicarage, Basingstoke 
1883 {Wilson, T Rivers Lodge, Harpenden, Hertfordshire 
1892 {Wilson, T Stacey, M D 27 Wheeley’s road, Edgbaston, Bir 
mingham 

1861 {Wilson, Thomas Bright Ghyllside, Wells road, Ilkley, Yorkshire 
1887 § Wilson, W Battlehillock, Kildrummy, Mossat, Aberdeenshire 

1909 {Wilson, W Murray 29 South Dnve, Harrogate 

1910 {Wilton T R , M A , Assoc M Inst C E 18 Westminster chambcis, 

Crosshall street, Liverpool 

1907 §Wimperis, H E , M A 16 Reynolds close, Hampstead w ay, 
N W 

1910 {Wmder, B W Ceylon House, Sheffield 

1886 {WiNDLB, Sir Bertram C A,MA,MD,DSo, FRS, President 
of University College, Cork 

1863 ♦WmwooD, Rev H H , M A , F G S (Local Sec 1804 ) 11 Caven 
dish crescent, Bath 

1906 §Wiseman, J G,FRCS,FRGS Stranraer, St Peter’s road, 

St Margaret’s on Thames 

1914 §Witkiewicz, S Care of Dr Milmowski, London School of 

Economics, Clare Market, W C 

1913 {Wohlgemuth, Dr A 44 Church crescent, Muswell Hill, N 
1876 {Woi*PB Barry, Sir John, K C B , F R S , M Inst C E (Pres G, 
1898 , Council, 1899-1903, 1909-10 ) Delahay House, 
16 Chelsea Embankment, S W 
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1905 JWood, A • jun Emmanuel College, Cambndge 
1863 ♦Wood, Collmgwood L Freeland, Forgandenny, N B 

1876 ♦Wood, George William Bayner Singleton Lod^, Manchester 
1878 JWooD, Sir H Trueman, M A Royal Society of Arts, John* 
street, Adelphi, W C , and Prmoe Edward’s mansions, 
• Bayswater, W 

1908 JWood, Sir Henry J 4 Elsworthy road, N W 

1883 ♦Wood, J H 21 Weatboume road, Birkdale, Lancashire 
1912 §Wood, John K 304 Blackness ro^, Dundee 
1904 ♦Wood, T B , M A (Pres M, 1913) Professor of Agriculture in 
the University of Cambridge Cams College, Cambridge 
1899 ♦Wood, W Hoffman Bon Rhydding, Yorkshire 
1901 ♦Wood, Wilham James, F S A (Scot ) 266 George street, Glasgow 

1899 ♦Woodcock, Mrs A Care of Messrs Stdwell & Harley, 4 St 
James’ street, Dover 

1896 ♦WooDHBAD, Professor G Sims, M D Pathological Laboratory, 
Cambndge 

1911 §Woodhead, T W , Ph D , F L S Technical College, Huddersfield 

1912 ♦Wood Jones, F , D Sc New Selma, Epsom, Surrey 

1906 ♦Woodland Dr W N F Zoological Department, The Muir 

Central College, Allahabad, United Provinces, India 
1904 §Woodrow, John Berryknowe, Meiklenggs, Paisley 
1 904 JWoods, Henry, M A Sedgwick Museum, Cambndge 

Woods, Samuel 1 Drapers’ gardens, Throgmorton street, E C 
1887 ♦Woodward, Arthur Smith LL D,FRS,FLS FGS (Pres C, 
1909 , Council, 1903-10), Keeper of the Department of 
Geology, Bntish Museum (Natural History), Cromwell 
road, S W 

1869 ♦Woodward, C J, BSo, FGS The Lindens, St Mary’s road, 
Harborne, Birmingham 

1912 ■!: Woodward, Mrs C J The Lindens, St Mary’s road, Harborne 
Birmingham 

1886 {Woodward, Harry Page, FGS 129 Beaufort street, S W 
1866 {Woodward, Henry, LL D , F R S , FGS (Pres C, 1887 , 
Council, 1887-94 ) 13 Arundel gardens, Nottmg Hill, W 

1894 ♦Woodward, John Harold 8 Queen Anne’s gate, Westminster, 
S W 

1909 ♦Woodward, Robert S Carnegie Institution, Washington, USA 
1908 §WooLACOTT, David, D Sc , F G S 8 The Oaks West, Sunderland 
1890 ♦Woollcombe, Robert Lloyd M A , LL D , F I Inst , F R C Inst , 

FRGS, FRES, FSS, MRIA 14 Waterloo road 
Dublin 

1883 ♦Woolley, George Stephen Victoria Bndge Manchester 
1914 §Woolnough Piofessor W S, D Sc University of A\tsterii 
Australia, J^erth Western Austrxha 
1912 *Wordie, James M , B A St John’s College, Cambndge 
1908 {TForsdeM, W C 2 Woodside, Bathford, Bath 
1863 ♦Worsley, Phihp J Rodney Lodge, Clifton, Bristol 
1901 {Worth, J T Oakenrod Mount Rochdale 

1904 {WoRTiUNGTON, A M,CB,FRS 6 Louisa terrace, Exmouth 
1908 ♦Worthington, James H,MA, FRAS, FRGS The Observe 
tory. Four Marks, Alton 
1906 {Wbagob, R H Vbrnon York 

1910 {Wrench, E G Park Lodge, Baslow, Derbyshire 

1906 {Wnght, Sir A E,MD,DSc,PRS 6 Park crescent, W 
1914 §Wright, A M Ishngton, Christchurch, New Zealand 
1883 ♦Wnght, Rev Arthur, D D Queens’ College, Cambridge 
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1909 tWnght, C S , B A Caius College, Cambridge 
1914 §Wnght, Gilbert Agricultural Department, Tbo University, 
Sydney, NSW 

1874 i^Wnght, Joseph, F G S 4 Alfred street Belfast 
1884 fWiuaHT, Professor B Bamsay, M A , B So Bed Gables, Head 
ington Hill, Oxford 

1904 :|;Wnght, B T Goldieslie, Trumpington, Cambridge 
1911 JWnght, W B,BA,FGS 14 Hume street, Dublm 

1903 JWright William The Uni\ersity, Birnungham 

1871 fWRioHTSON, Sir Thomas, Bart, MlnstCE, FGS Neasham 
Hall, Darhngton 

1902 i^Wyatt, G H 1 Maunce road, St Andrew’s Park, Bnstol 

1901 |Wyhe, Alexander Kirkfield, Johnstone, N B 

1902 jiWyhe, John 2 Mafeking villas, WTutehead, Belfast 

1911 JWyllie, W L , B A Tower House, Tower street, Portsmouth 
1899 JWynne, W P, DSo, FBS (Pres B, 1913), Professor of 
Chemistry in the University of Sheffield 17 Taptonville 
road, Sheffield 

1901 *Yapp, B H , M a , Professor of Botany in Queen’s College, 
Belfast 

^Yarborough, George Cook Camp’s Mount, Doncaster 
1894 ^Yarrow, A F Campsie Dene, Blanefield, Stirlmgshire 
1913 *Yates, H James, F C S , Ml Mech E Bedcroft, Four Oaks, 
arivickshire 

1906 JYerbury, Colonel Army and Navy Club, Pall Mall, S W 
1909 §Young, Professor A H Tnnity College, Toronto, Canada 

1904 JYoung, Alfred Selwyn College, Cambndge 

1891 IYottng, Aipbed C , F C S 17 Vicai’s hill, Lewisham, S E 

1906 {Young, Professor Andrew, M A , B So South Afncan College, 

Cape Town 

1009 {Young, F A 616 Notre Dame avenue, Wmmpeg, Canada 
1913 * Young, Francis Chisholm La Nonetto de la Foret, Geneva 
1894 *Yotjnq, George, Ph D 46 Church crescent. Church End, 
Finchley, N 

1909 §Young, Herbert, MA,BCL,FBGS Ampnor, Ealmg, W 
1901 ’^'Young, John 2 Montague terrace, Kelvinside, Glasgow 

1886 {Young, B Bruob, M A , M B 8 Crown gardens, Dowanhill, 

Glasgow 

1909 {Young, B G University of North Dakota, North Chautauqua, 
North Dakota, USA 

1901 {Young, Bobert M , B A Bathvama, Belfast 
1883 *Young, Sydney, D So , FBS (Pres B, 1904), Professor of 
Chemistry in the Umversity of Dubhn 12 Baglan road, 
Dubhn 

1887 {Young, Sydney 29 Mark lane, E C 

1911 {Young, T J College of Agriculture, Holmes Chapel, Cheshire 

1907 ♦Young, William Henry, M A , Sc D , Hon Dr os So Math , 

PBS, Professor of the Philosophy and History of Mathe- 
matics in the University of Liverpool La Nonette de la 
Foret, Geneva, Switzerland 

1903 {Yoxall, Sir J H , M P 67 Bussell square, W C 
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1914 


indicates Life Members 

indicates Old Annual Members, and New Annual Members 
who joined for more than one centre 


ADELAIDE 

Adams, J R G Public Library, Adelaide 

Alexander, W B , M A Western Australian Museum, Perfli, West Australia 

Angel, F M 34 Fullarton road, Parkside, South Australia 

Angel, Sidney Commercial Bank, Norwood, South Austialin 

Angus, W , M P Parliament House, South Austialia 

Ashby, Edwin Wittunga, Blackwood, South Australia 

Baker, W H Glen Osmond road, Paikside, South Australia 
Bakewell, Leonard W Fitzroy terrace, Prospect, South Australia 
Barker, tfohn 61 Currie street, Adelaide 

Barlow, Wm , C M G , LL D Lefevre terrace. North Adelaide 
Basedow, B Hoindale Vineyard, O’Halloran Hill, South Australia 
Basedow, Herbert, MA, MI), BSc, FGS Pine street, Kent Town, 
South Australia 

Benham, Miss E I , B Sc Victoria avenue, Unley Park South Australia 
Benham, E W , LL B Unity chambers, Currie street, Adelaide 
Be van. Rev Llewellyn D , LL B , B I) Parkin College, Kent Town, South 
Australia 

Be van, Mrs LI D Parkm College, Kent Town, South Australia 

Bilks, Mrs Napier Park terrace, Parkside, South Australia 

Bollen, Percival, M D Semaphore, South Australia 
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Mam, A R , M A College of the Bible, Glen Jiis 

Man, Mis EGA Banksia stieet, Heidclbeig 

Man, J R Banksia stieet, Heidelbeig 

Maling, D H Heidelberg 

Maling, Mis D H Heidelbeig 

Maloney, Di W , M H R Fedeial Paihament Ilous* 

Mamfold, Mis Walter Coonae, Clendon load, looixk 
Mann, Mis C^ Lawrenny, Caiamut 
Mann, F W , M A , LL M Sclboino chambeis 
Mann, S F Melbourne Club, Collins stieet 

Markham, Mrs E A Park mam ions. Park stieet. South \:aii x 

Marks, E N 32o- 8 Fhnelers lane 

Marks, Isidore J 14 Collins street 

Marks, Mrs I J 14 Collins stieet 

Marquand, Miss Leslie grove, Brighton Beaeh 

Marquand, Miss L Leslie grove, Biighton Beaeh 

Marsh, Mis Malcolm Balaclava load. East St Kilda 

Marshall, Rev Alex , M A , D D Scotts Church 
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Mdihhall, Miss I I) , M A University High School, Cailtoii 
Mditin, Miss E K 33 Murphy street. South Yana 
Martin, Edward 309 Collins stieet 
Idaitin, Miss EUa R Mandeville Hall, looiak 
Martin, Fiances Crawford 21 Moirah sticet, Pdikvilk 
Martin, T B St Leonard’s avenue, St Kilda 
Mai tin, M Mining Suivey Ofhce, Ballarat 
Mason, V F 320 Colhns stiect 
Masson, Miss Elsie Uni\eisity 
§Ma8Son, Piofessor Oimc, M A , M Sf’ , F R S Uiiivcisity 
Masteis, Rev F CJ , M A Holy Trinity Vic at age, Balaclava 
Mastcis, Mis F G Holy liinity Vicaixgc Baliclava 
"Mathese, Fiaulein Louise Oxfoid chambcis 
M it hew, Rc\ John, M A Iho Minsc 1 he (hove, t obuig 
Mathicson, Robt 40 Maiy stieet, St Kilcla 
Mdthuson, Mis Robt 40 Mary stieet, St Kilcli 
Mathison, Mr^ Maiy 43 Ebden sticet, Elsteim\i(k 
Mathi^^on, S C , M D , B S Melbourne Hospital 
M ittingley, Aithui 17 Selboine loael, Kew 
Mittingley, Di H V 23 Piospect Hill load, Cainbeiwell 
Maudsley, H , M 1) 8 Collins street 

Maxwell, C , M B , B S Thalassa, Fiankst ;n 

Maxv^ell, L A Ivin, B Sc 162 Biiinswiek loid, West BiuiisvvieU 

May, H M 27 Melby avenue. East St Kilda 

May Mis H M 27 Melby avenue. East St KiUli 

IMeadows, John 100 Lonsdale stieet 

Mem, D W Melbourne Club 

Meldium, F 253 Beaconstielel Paiade, Middl< Puk 
JMelloi, Lesley A Chaucer cieseent, Canteibui^ 

IMelloi, Mis L A Chaucei eicseent, Caiiteibui^ 

Melville, A H Ihe Avenue, Bilacliv i 

Mendelsohn, M 191 JIighstKct St Kikli 

Meihdd, C J , F R A S Melbourne Obseivatoi}, South ^ an i 

Mcil»dd, Miss Myia, BA 40 Elizxbeth st cet 

]Mci field, P W High stiect, Keiw 

Ml 11111 , A H , M C E Onong loxel, Ciiilluld 

jMeiutl, J KjATLC kauholmi, Kc v\ 

Alesley, A Agiicultuial High School, Liongitha 

Mc^-ei, 111 iulix 59 Collins sticet 

"\l(\ci, Mis IMix 59 Collins sti( ct 

Mc>ci Hugo R Avenay, Glenteiiie loul, Milvein 

Mivei, Mis Hugo R Avenay, Gleiifeine load, Malvtin 

Alithiclis, Miss Alice linden, Ac lanel sticet St Kilda 

^M ' liielis, El nest landen, Aelind stieet, St Kilda 

Michachs, F C/o Michaelis, Hallenstein, A Co , I ootsci 

Miehaelis, Mis jired Oiwell, Robe sticet, St Kilda 

Millai, Miss A L Lynwood, Bioadway, Eas^ Cambeiwell 

Millei, Mis Albeit Whernsidc, looixk 

Miller, E Studlc}^ Glynn, Kooyong load, iootak 

MiHei, Mis Edwaid Glynn, Kooyong load, looi ik 

Aliller, Miss Elizabeth 7 St A'^mcent plaee \lbcit Puk 

Millei, Mrs H AI Cantala, Caulfield 

AIilloi, L I , M A , LL M Whemside, iooiak 

Milne, F , M A 42 Avenue, Royal Paik 

Minchm Mrs E W 045 Punt load South Yaii i 

Alimhe, ) is 1 AJai tin street, Elstcinwick 

Mimhe, J, Junr 1 Martin stieet, Elstcinwick 

Mmifie, Richd 1 Martin street, Elsteiuwiek 

Alitchell, E F lanecourt, Irving road, looiak 

Mitchell, Mrs E F Finecouit, living load, looiik 

ATitchcll, Leonaid, M B , B S 90 Simpson stiect Eist Alelbouine 

Alitchell, Mrs Leonard 96 Simiison stieet. East Mtlboiune 
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Mitchell, Mies ML Te Hongi, Cheltenham 

Mitchell, Miss S E , B A , Dip Ed 115 Sydney road, Paikville 

Mitchell, S R Working Men’s College 

Molesworth, Miss Ardoch, Dandenong road. East St Kilda 

Moles worth, Jno Mittagong, St Kilda 

Molesworth, Mis Jno Mittagong, St Kilda 

Molhson, Miss E Royal crescent, Cambeiwell 

Molloy, C H , M D , B S Taiwm 

Monaghan, J J 19 Elizabeth street 

Monasli, Miss B Iona, Toorak 

Monash, Miss M Tivoli ijlace. Punt Hill, South Yarra 
Monash, Colonel J , B A , LL B , M C E Iona, Tooiak 
Mon ash, Mrs J Iona, Toorak 

Montgomery, Miss N 109 Allied cioscent. North Fitziov 

Moore, M S,BCE,BME Railway Construction Office, Bairnsdalo 

Moore, Miss Maigaret, B Sc Woodstock, Balwyn road, Cantorbuiy 

Moore,^W , M D , M S Flinders lane 

Moore, W H Balwyn road, Canterbuiy 

Moore, Prof W Hariison, BA, LL D Aiolla, Piinces stiect, St Kilda 

Moore, Mrs W Harri'^on Aiolla, Piinces street, St Kilda 

Moors, Miss Staplegrovc, Punt Hill, South Yarra 

Moors, Miss A H Staplegiove, Punt Hill, South Yana 

Moreton, J K Heme Hill, Geelong 

Moigan, C H London Bank of Austialasia, Ltd , hilzioy 

Morgan, Mis M A 11 Robb stiect, Essendon 

Moigan, W J 11 Robb sticot, Essendon 

Mories, Miss Elsie I , M A The Heimitage, Geelong 

Moirib, Aithui E , M B , B S 83 Collins strict 

Moms, Mrs Aithui 83 Collins sticet 

Morris, Rev Moms, M Sc Kew 

Moiiison, Mis E J 52 Collins stieet 

Moiiison, R H , M D 52 Collins stieet 

Moiton, D Muiiay, M D , B S 13 Colhns stieet 

Moiton, Dr F W W Dandenong load, Windsor 

Moiton, Mrs F W W Dandenong load, Windsor 

Moiton, Dr Inod Ryiic stieet, Geelong 

Moiton, Ml** Tied Ryiie stieet, Geelong 

Morton, H E , 1 R V 1 A Town Hall 

Moiton, Mis Robt Mitfoid stieet, St Kilda 

Mountain, A C lown Hall 

Mountain, Mis A C Town Hall 

Mountain, Miss B Malmg street, Canteibuiy 

Mowhng, Geo Whitehall street, hootseiay 

Muir, Geoige M C/o Colonial Sugai Refining Company, Yaiiavillc 
MulJett, Albeit J Government Printing Office 
*Muiehison, Rodeiiek Melbourne mansions, Collins stieet 
Murphy, Miss Clare Melbourne mansions, Collins stieet. City 
Muiphy, Mis Frank Cliveden mansions 
Muiphy, Read Ihoiley, Holmes load, Mooneo Pond*- 
Murrav, Hugh L Waveiley road. East Malvern 
Murray , Mrs Hugh Waverley road. East Malvern 
Murray, Noel Myola, Waioia load, Caulfield 
Mylius, fe E von Oakovti load. South Preston 

Nall, Eric L 5 Piinces stieet, bt Kilda 

Nance, Rev I J 2 Eiskine stieet, Mai vein 

Nance, F L , M B , B S 2 Eiskinc stieet, Mah ern 

Nanson, Piofessor E J Umveisity 

Nanson, Mrs Umversity 

Nash, Mrs Albert Balearto, CianboUme 

Needham, W H 51 Queen street 

Neill, Mrs B H Ardoch, Dandenong load. East St Kilda 
Nelly, Dr J F 48 Brunswick stieet, Fitzroy 
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Nelly, Mrs J F 48 Brunswick street, Fitzroy 
§NelsoD, Miss Edith A , M A , M Sc 131 WiUiams road. East Prahran 
Nesbitt, A M Huntmgtower road, Malvern 
Newbigin, Mrs R 15 Hawthorn load, Caulfield 
Newbigm, W J 612 Collins street 
Newman, Dr F A 83 CoUins street 
Npwman, Mrs FA 83 Collins stieot 
Newman, Goiald P Fan mount, Baikly street, St Kilda 
Newman, Mrs Fairmount, Baikly sticet, St Kilda 
Newton, Alan, M B , M S 41 Spring street 
Newton, blank 4 Hughenden load, St Kilda 

Newton, H Clement I E E British Insulated and Holsby Cables Co , 
Rialto 

Nicholas, G A 43 Paik street, Paikvillo 
§Nicholls, E Biooko, D 1) Sc 174 Vietoiia stieet, Noith Melbourne 
Nicholls, Miss Jessie, B D Sc 174 Vietoiia stieet, Noith Melbourne 
Nicholson, Geo C , I) D Sc 89 Colbns stieet 
Nicholson, Miss M G 28 Noimanby street. Blight on 
Nightingall, Victor 260 Russell street 
Nooten, Miss C van 194 Williams load, Tooiak 
Norman, Arthui 60 Ehzabeth stieet 
Noiman, Mis Aithui Aloha, Adoney avenue, East Kew 
Noiman, C E Railway Offices 
Norman, Mis H 43 Domini load, South Yana 
Noith, Alex 40 Paik stieot. South Yana 
North, Mrs Alex 40 Paik street. South \aiia 
Noitheote, Edwaid Wallace avenue, Tooiak 
Noithcoto, Mis M G H Wallace avenue, looiak 
Nott, Mis W Park mansions, Paik stieet, South Yaiia 
Noyes, Di A W Finch, FRCS 102 Collins street 
Noyes, Heiiiy Holmby, Maheinioxd, Mai vein 
Noyes, Mis Winitiecl Holmby, Milxeinioid, Maheiii 
Nye, P B Wingcove street, Alphiiigton 
Nyulasy, F A , M D , B S Giaomc, Jooiak 

O’Biien, Edmund A , M A Agiicultuial High School, Ballaiat 
O’Connell, J H , M A , B Sc 49 Hawke stieet. West Melbouine 
O’Doimell, Denis A 5() Butlei street, Noith Richmond 
O’Dwyei, Veiy Rev J Xaviei College, Kew 
Offieoi, Mis Giihara Coonae, Clendoii load, looiak 
Officei, Miss Marian 87 Alma load. East St Kilda 
Offieei, Mis Suetomus H Iho Oaks, Paik stieet, South Yaii i 
O’Keefte, JR 5 Loveson stieet, Noith Melbouine 
O’Leaiy, CL 21 Muiphj stieet, South Yana 
Oh\e, W M Suibiton, Studley Paikioul, Kcu 
^Oliver, Caldei E , M C E Manoi stieet, Biighlon 
Oh\oi, Miss Emcl K laiiawarra. Manor stieet, Biightoii 
Ohvci, H P,CE Lai a, Vietoiia 
O’Neill, Wm J Lands Department 
O’Reillj, Ihos 20 Leveson stieet, Noith Melbouine 
Oigill, Mis E M Aspendale 

Oir, W F , M B , B S Kyeamba, looiak load looiak 

Orr, Mrs W F Kyeamba, Tooiak loael, Toorak 

Osborn, Di Harwood 4 Finch stieet, East Malvein 

Osboine, Miss Alice Balwyn road, Canteibury 

Osborne, Geo , M A Melbourne High School, Spiing stieet, Cit> 

Osborne, Mis H H 31 Queen’s road 
§Osbome, Piofossoi W A , D Sc Uiiivoisity 
O’Sulhvan, E F , M D Kiaigee, Chuich stieet, Richmond 
O’Sulhvan, M B , M B , B S Eildon, Gioy stieet, St Kilda 
O’Sullivan, Dr M U 70 Collins stieet 
O’Sulhvan, Mi*:* M U Eildon, Grey street, St Kilda 
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Outhwaito, A Cr 89-91 Queon street 

Outhwaite, Mis A G 89-91 Queen sticct 

Owei, MibS Jcannic 5b Iho litsplanaclc, Bii^zhton Ik ach 

Page, Mis^ Baikly stiect, St Kilda 
Park, Wni Shakespcaic giovo, Hawthein 
Parker, Mis J G 20 Piinees street, Noith Cailtoii 
Paiker, Miss Olga 2 Yana stieet, Ha^lhoiii 
Pat kin, A i Campbell load, Balwyn 
Paikinson, Mis E Horsbiugli giovt, Mihtjii 
Painell, Miss Ethel C , AI B , Oh B 101 Collins stittt 
Pateison, Miss J Piesbyteiian Ladies’ College, East Melbourne 
Paton, Bruce T Commoiiweilth Laboiatoiy 
Patttisoii, Mis W G 50 Paik stiect South \ iiia 
Payne, Mis Bushey, Roekhy load. South Yana 
Payne, A E F Seot^buin 9ooiak 
Payne, Mis A E T Scolsbuin, loenak 
♦Pa^/iie, Piofessoi Hcniy, M lust C E M I Meeh E Lniveisity 
Peacock, E 11 517 Collins stiect 

Peacock, Mis 517 Colhiis stieel 

Pcaiei, Philip H Oxfoiel, St Jamci’ Piik Havxthoin 

Peaiee, Mis P H Oxfoid, St James Paik, Hiu tJioi n 

Poaibc, Rev Win S Congiegitional Chiiieh, Chelsei 

Peai son. Miss E 1022 Drummond stieet Noith Caih on 

Peek, 11 F R Caiiol ciestt nt. East Mai vein 

Peck, Mis H F R Can ol eie scent 1 ast Main in 

Pc 111 , Sidney lb ('*olhus stiect 

Jkstell, J H 15 Blyth sticet, Biunsvvuk 

Pcthciick, Eehvaid A 254 Albeit sticit, 1 ist AUlbouiiu 

Peltigieu, A Redruth, Balwyn 

PhilUjis, Andiew J P Minyip 

Phillips, 1 esho W 17 Rileigh sticet, M d\ein 

PhilJips, M M , M A 18 Munio stiett, AimidiU 

Phillips, Mis M M 18 Muiiio stieet, Aiinaehk 

Picken, Piof David K , M A Vietoua Collegi, Wellington, N Zealand 

Ping tion, IjU , Vice Consul loi Chin i 

Pinkeiton, M K 112 Daevson stieil, Soiitli B ill ii it 

Pmsehot, Call Studley H ill, Studlcy Paik 

Fiiibehof, Mis 0 Stueiley Hall, Kew 

Pmsehot, Miss Stueiley Hill, Kew 

Pi pci, W C links buildings, Eli/abcth stiect 

Pitehii, liedenek, Assistant Cuiatoi Bot luie G udens 

Pitt E R , B A Public Libiai^ 

Pitts, John M 31 Victoiia loael, C xnibe iwell 
Plowman, Di Sidney Ihe lotts, luankston 
Poison, A S M , B \ Ballarat College, B illai it 
Poole, Robe J I Bryson ^tlect, Cantcibui^ 

Poolman, Mis B M C’aimylc, Kooyong road, looiak 

Poolnim, Miss H M Car mylc, Kooyoiig road I ooiak 

Poolman, Mis Maiy F Aithur stieet and St Kilela load 
Porteus, Miss S D Spceial School, Bell '^tioct, l^it/ioj 
Potter, Miss E G Piesbyteiian ladies Collegf, East Meibom iie 
Powci, Francis R Balmeiiiio aicnui, loorik 
Powei, Mrs F R Balmeiino avenue, looiak 
Pie&cott, Edward E Sehool ot Hoitieulluie , Buinlcy 
Pieston, Mrs Annie 153 Baiiy stiect, Cailton 
§Pieston, C Pa>nc Austiahan Distilkiv Co , B>ine Stieel, South Melbouine 
§Pieston, Miss E W 153 Bariy bticet, Cailton 
Piice, E Show Whitehoise load, Blaekbiun 
Pnee, M G 25 Miiam’s stieet. Ascot Vale 

Pntchaid, G B , D Se , 1 G S b Kooyongkoot road, Hawthorn 
Pritchard, Mrs G B b Kooyongkoot load, Hawthorn 
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Pullana, Mis Lily R The Oakes, Park stieet. South Yarra 

Pullai, Jas 419 Collins street 

Purton, Gerald Aithur street. East Malvern 

Pyo, Miss E 200 Toorak road. South Yaira 

Pye, H Agricultural College, Dookie 

Qiyck, Balcombe, M B 120 Collins stiect 
Quillian, Miss 5 Porter stiect, Prahrin 
Quinnell, Mrs Laucleidalc St Kilda iiiad 
Quiik, Ihos A George Hotel St Kilda 

Rabling, H 69 Primrose street, Moonee Ponds 

Rae, F J 217 Grattan street, Cailton 

Raff Miss J W , M Sc 169 Royal pat ado, Parkvilh 

Ragg, Miss E M 73 Victoria parade, Fitzroy 

Raleigh, Haiold 21 Avoca sticet. South Yana 

Ramsbothain, T F Iona, Studlcy Park road, Kew 

Ramsden, F V Royal Mint 

Read S Docker, MB, B S Hoi sham 

Retd, T M , I S O Department of I inds 

Rees, Miss Bcitha Wandi road, Mal\ein 

Reeson, D O Mctiopolitaii (tss Co 

Roeson, T Newell, M I C* E Afetiopolitan Gas Co 

Reeson, Mis L M Mctiopolitan Cias Co 

Refshange, J 11 Agiicultuial High School, Ballarat 

Reid, A Ciceio Cliffholme, Beach load, Sandringham 

Reid Miss Belle B Whitehoi^'C road, Cinteibui\ 

Reid, G D Bov 17, Avoca 

Rcid, Geoige P State School, Dtllicknoia, via Bon an g 
Rcid, Miss M L Belrnon^^ Balwvn 
Remington, Miss Chr>st(>bel err scent, Hiwthoin 

Rennie k Mis \ St Hchtis Abotsfoid 
Rennie Mis (J C (^anteilmiy road, Blac kbuin 

Rentoul, Rev Pi of T 1 auiencc, M A DD Oimond Colic go Paik\illc 
Retail ick, Mis Fdv\iids ]26W<bstci stuet Ballarat 
Reynolds, Alajoi E H 1 he lltimitige Mont ])lacc South A^iii i 
Rc\nolds, ATis F H i he Hcimitage, Mom » South Viii i 
Richaids E S , AI S( Woiking Men s ( ollegc 
^Ri( liaidson, A E V, M A , I? Sc Depaitmenl cjf AgiKnltuio 
Richaidsun Mis A Pj V T inda ( icsc cut Hawthorn 
Piehaidson Miss B Ij 128 Gatehouse stuet PailcMlh 
Richaidson, Haiold Sunning Hill, Cotliam load, Kew 
Richaidsoii Sidney 21 M hitehaP stic ct Pootsc i i\ 

Ri ( harclson, M ()40 Dnimmond sticc t, CVulton 
Ricketson, Mis Oi icnt il Hotel 
Ricketson, Miss li,stliei (liicntal Hotel 
Riddell, Anduw H (Vo lewis Ac Whitt v, Ruhinond 
Riddell, C* Cane Ci\cis Caiic, Plsteinwiek 
Riddell, Mi'^s Cane C^avcis (Jane, Plstcniwid 
Rigall, Miss (hosvcnoi Chambcis 
Rigby, Edwaid V (>0 Maikct stiect 

Rigby Mrs Edwaid Riveiscouit Buike load Fast Hawthorn 
Rigg, Chas II 50 Williams load, Windsoi 
Rigg, Miss Louise 30 Williams load, \\ jnd‘>or 
Rigg, Miss Miiy 30 Williams load, Windsoi 
Riley, Miss E C^haiiiwood eiescent, St Kildi 
Ritchie Pjdgii F MICE Metiopolitan Boaid of Woiks 
§Rivett, A (J D M A , D Sc Univeisity 
Rivett, Mrs A D B S( 27 Adams street. South Yana 
Robb, Moi timer G Myola, Mai vein load, Aimadalc 
Roberts, Mis F F Epsom street, Caulfield E 
Roberts, S F , B Re 116 Wattletiec road, Malvein 
Robeitson, Miss fuveiaiv, Tooiak loael, South A in a 
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Robertson, A M The Manse, Cui7on street. South Melbourne 
Robertson, Allen, M D , B S 90 Colhns street 
Robertson, Mrs Allen 90 Collins street 
Robertson, E , M B , B S Health Department 

Robertson, Rev J T , M A The Manse, Curzon street. South Alelboume 
Robertson, Mrs J T The Manse, Cuizon street, South Melbourne 
Robertson, James L , M A 35 Hutcheson street, Moonee Ponds 
Robin, Dr P Ansell Ballirat Church of England Grammar School, Wen 
dourec, Victoria 

Robinson, Mrs A R Mulderg, Alma road, Caulheld 

Robinson, Miss Muldeig, Alma road, Caulheld 

Robinson, Arthur Chilcote, Sorrett avenue, Malvern 

Robinson, Airs Arthur Chilcote, Soirett avenue, Alai vein 

Robinson, Rev G A , B A Cambeiwell 

Robinson, J B 204 Wendouree parade Ballarat 

Rodda, S Working Men’s College 

Roe, Airs*. At E To Hongi, Cheltenham 

Roebuck, A K Col Sugar Refining Co , Yariavillo 

Roebuck, Henry G Geelong 

Rogers, J Stanley High School, Shepparton 

RoUo, Miss J 65 Tivoli load. South Yana 

Rose, Dr J Maimadiike 175 Queen street 

Rose, Airs Alarmaduko 375 Queen stieet 

Rose, John Kormanby toad, Alontague 

Rosenblum, E Ivan, M Sc 159 Victoiin load, Hawthorn 

Ross, David Colonial Bank, Biunsvvick 

Ross, Rev Da\id, AI A St Kilda 

Rossitei, A Lvle, AT Sf Pint Laboiatoiy \Tniveisitv 

Roth, AIiss Iivoli place. Punt Hill, South Yana 

Rothera A C H , AI A AT R C S L R C P 272 1 he A\onno Ro\al Paik 

Rothera, ATis 272 The Avenue, Royal l^iik 

Row, S Highfield loid Cuiteibmy 

Roi\e, Wm Chas Coimi Rouikf and l\ing stieets 

Rowed, Rov Augustine, BCE St Silas Vicarage, Allxil Piik 

Rubmowich, Atiss F 21 Chainwood load St Kilrla 

Ruck, Edwin T 80 Svvanston street 

Ruddle, Reginald G , AI D , B S , Ch B Davit sfoid 

Rusdtn, AIif.s Gcitiudo K 5 Alleyne avenue, AI alvei n 

Russell, All C/o Miohaelis, Hallenstcin & Co , Footsciav 

Russdl, Alls C/o Alichaelis, Hallenstem Co, Footsei ly 

Rus:>ell, Gto 5 Tennyson stieet, Biighton Beach 

Russell, P T Ubberholmo Cambeivoll 

Ruth, T F Balwyn road, Canttibnrv 

Rutter, Alfied 84 William street 

Ruttei, T H , AT B , B S Yainim 

Putter, ATis M Yirium 

Ryan, Airs Chailes The Colt igc, Macedon XJppci 
Ryan, Colonel Chas S , AT B ^7 Collins stieet 
Ryan, Edward, AL B , B S 33 Collins street 
Ryan, Mrs J B Alajella, St Kilda road 
Ryan, Maitin J , AT B , B S Middle stieet, Ascot Vale 
Ryan, W B , M B , B S Bacchus Marsh 

Sachse, Hon A O , AI L C Manila, South Yaira 

Sachse, Mrs A O AlaiiUa, South Yana 

St John, G R Botanic Gardens 

Salmon, Di C Carty Walsh street. South Yarra 

Salter, Miss M L Alajestic, Fitzroy street, St Kilda 

Sambell, A K T 421 Collins street 

Samers, Miss AI College of Domestic Economy, Lonsdale street 

Samsing, Miss Hilda R Lonsdale House 

Sanderson, W A , M A , LL M 29 Wattletree road, Malvern 
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Sanderson, Mrs W A 29 Wattletree road, Malvern 

Sandford, Miss Olive Mosspennock, Clarendon street, East Melbourne 

Sargood, A H C/o Sargood Bros 

Saigood, Mrs A H C/o Sargood Bros 

Sarvans, Johan, B A , M C E 2 Wrexham road, Windsor 

Sawrey, Ernest E R , M D , B S 90 Collins strec t 

Saxton, J T , M A 17 Kintore street, Camberwell 

Sclimidt, Walter, ME P O Box 221 

Schollick, Miss M S Lyceum Club 

Scott, Miss Indi, New stiect, Biighton 

Scott, Prof Ernest Umvei^^ity 

Scott, J Alexander, M D Auburn road. Hawthorn 

Scott, John D King, M B , B S Finch stieet. East M ilvcin 

Scott, Leigh 217 Grattan street, Carlton 

Scott, Miss Martha H , M B , Ch B 88 Collins street 

Scott, P R Depaitment of Agricultme 

Scott, Robt , M H 704 Sturt street, Ballarat 

Scott, Wm 64 Fletcher street, Essendon 

Searby, Henry Ormond College, Parkvillo 

Scarlo, J 274 Collins stieot 

Seddon, H R Vetermaiy School, Paikvilk 

Selby, G W Lmdisfame, Chilcoto avenue, Malvern 

Sergeant, Miss H P^o lohmont squat c , Inlimont 

Sewell, C W Minyip 

Sewell, S V , M D , B S 83 Collins stiort 

Sewell, Mrs S V 83 Collins stieet 

Sexton, Miss Helen, M B , B S Melbouine mansions, Collins stieet, City 
Shackcll, H L 300 Collins stieet 
Shackell, Miss Ida Momio road, Koo-yong 
iSh liman, M Stanton, ]\1 A , M Se 10 Mvitio loul Cantcilmij 
Shaiman, Peicy J 261 Diummond stieet, Noith C niton 
Shaw, Miss Landeno, Gotham ro id J\ew 
Sliiw, Miss Oi lent al Hotel 
Shxw, Miss 1 Meiton eiescent, Albeit Piik 
§Sh iw, A G Meiton descent. Albeit Piil 
Shaw, C Gordon MD BS 28 Collins s* i ec t 
Shaw, IMiss E H Landeno, Cothamioid, Kew 
Shaw, Hi Patiick Lingoiwoods, Wills stieet, Kow 
Shaw, Mis Patrick Lingei woods. Wills stieet, Kow 
Shocian, H () , Chief Engineei for Railway Constiiiction Spcneci street 
Slicphaid, Mis Norwood, »South io\d Bnghton 
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1897 M C do Candolle 3 Cour de St Pierre, Geneva, Switzerland 
1887 Professor G Capellim 66 Via Zambom, Bologna, Italy 
1913 Professor H S Carhart University of Michigan, Ann Arbor, 

Michigan, USA 

1894 Emile Cartailhao 5 rue de la Chaine, Toulouse, France 
1901 Professor T C Chamberhn Chicago, USA 
1894 Dr A Chauveau 7 rue Cuvier Pans 
1913 Professor R Chodat Universite, Geneva 

1887 F W Clarke Care of the Smithsonian Institution, Washington, 
DC, USA 

1913 Professor H Conwontz Elssholzstrasse 13, Berlin W 57 

1873 Professor Guido Cora Via Nazionale 181, Rome 

1889 W H Dali, Sc D United States Geological Survey, Washington, 
DC, USA 

1872 Dr Yves Delage Faculte des Sciences, La Sor bonne. Pans 

1901 Professor G Dewalque 17 rue de la Paix, Liege, Belgium 

1913 Professor Carl Diener Universitat, Vienna 

1876 Professor Alberto Eccher Florence 

1894 Professor Dr W Einthoven Leiden, Netherlands 

1892 Professor F Elfving Helsingfors, Finland 

1901 Professor J Elster Wolfenbuttel Germany 

1913 Professor A Engler Universitat, Berlm 

1913 Professor Giuho Fano Istituto di Fisiologia, Florence 

1901 Professor W Q Farlow Harvard, USA 

1874 Dr W Feddersen Carolinenstrasse 9, Leipzig 

1913 Professor Chas Fery £!co]e Municipale de Physique et de Chimie 
Industrielles, 42 rue Lhomond, Pans 
1886 Dr Otto Finsch Altewiekrmg No 19b, Braunschweig Germany 
1894 Professor Wilhelm Foerster, D C L EnckePlatzSA Berlm, S W 48 
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1872 W de Fonvielle 60 rue dea Abbesses, Pans 
1^01 I^ofessor A P N Pranchimont Leiden, Netherlands 
1894 Professor lAon Fredencq 20 rue de Pitteurs, Li6ge, Belgium 
1913 Professor M von Frey Umversitat, Wurzburg 
1892 Professor Dr Gustav Fritsch Berlmerstrasse 30, Berhn 
1881 Professor C M Ganel 6 rue Edouard D6taille, Pans 
1901 Professor Dr H Geitel Wolfenbuttel, Germany 
1889 Professor Gustave Gilson TUmversit^, Louvain, Belgium 
1913 Professor E Gley 14 rue Monsieur le Prince, Pans 
1889 A Gobert 222 Chaussee de Charleroi, Brussels 
1884 General A W Greely, LLD War Department, Washington, 
USA 

1913 Professor P H von Groth Umversitat, Munich 

1892 Dr C E Guillaume Bureau International des Poids et Mesurcs, 

Pavilion de Breteuil, Sevres 
1913 Yves Guyot 95 rue de Seme, Pans 
1876 Professor Ernst Haeekel Jena 

1881 Dr Edwin H Hall 30 Langdon street, Cambndge, Mass , U S A 

1913 Professor A Haller 10 rue Vauquelin, Pans 

19 H Professor H J Hamburger Physiological Institute, Groningen 

1893 Professor Paul Heger 23 rue de Drapiers, Brussels 

1894 Professor Ludimar Hermann Umversitat, Komgsberg, Prussia 

1893 Professor Richard Hertwig Zoologisches Institut, Alte Akademie, 

Munich 

1897 Dr G W Hill West Nyack New York, USA 
1913 Professor A F Holleman Universiteit, Amsterdam 
1881 Professor A A W Hubreoht, LL D , D So , C M Z S The 
University, Utrecht, Netherlands 

1887 Dr Ohver W Huntington Cloyne House, Newport, R I , USA 
1884 Professor C Lonng Jackson 6 Boylston Hall, Cambndge, Mas- 
sachusetts, USA 

1876 Dr W J Janssen Soldino, Lugano, Switzerland 
1881 W Woolsey Johnson Professor of Mathematics in the Umted States, 
Naval Academy, Annapohs, Maryland, USA 
1887 Professor C Juhn 169 rue de Fragnee, Liege 
1876 Dr Giuseppe Jung Bastions Vittoria 41, Milan 
1913 Professor Hector Jungersen Universitet, Copenhagen 
1913 Professor J C Kapteyn. Univer&iteit, Groningen 
1913 Piofe&bor A E Kennelly Harvard Univeisity, Cambridge, 
Massachusetts, USA 

1884 Baron Dairoku Kikuchi, M A Impenal Umversity, Tokyo, Japan 
1873 Professor Dr Felix Klein Wilhelm Weberstrasse 3, Gottingen 

1894 Professor Dr L Kny Kojser Allee 186-7, Wilmersdorf, bei Berhn 
1894 Professor J Kollmann St Johann 88, Basel, Switzerland 

1913 Professor D J Korteweg Universiteit, Amsterdam 
1913 Professor A Kossel Physiologisches Institut, Heidelberg 
1894 Maxime Kovalevsky 13 Avenue de I’Observatoire, Pans France 
1913 Ch Lallemand, Directeur General des Mines 58 Boulevard 
Emile Augier, Pans 

1887 Professor J W Langley 2037 Geddes avenue, Ann Arbor, Michi 
gan, USA 

1872 M Georges Lemoine 76 rue Notre Dame des Champs, Pans 
1901 Professor Philipp Lenard Schiossstrasse 7, Heidelberg 
1883 Dr F Lmdemann Franz Josefstrasse 12/1, Mumch 
1 887 Professor Dr Georg Lunge Ramistrasse 66, Zunch, V 
1913 Professor F von Lusohan Umversitat, Beilm 
1894 Professor Dr Otto Maas Umversitat, Mumch 
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1913 Professor E Mahaim Universite de Li6ge, Belgium 
1887 Dr C A von Martios Voss strasse 8 Berlin W 
1884 Professor Albert A Michelson The University, Chicago USA 
1887 Dr Charles Sedgwick Minot Boston, Massachusetts, USA 
1894 Professor Q Mittag Leffler Djursholm, Stockholm 
1897 Professor Oskar Montehus St Paulsgatan 11, Stockholm Sweden 
1913 Professor E H Moore University of Chicago, USA 
1897 Professor E W Morley, LL D West Hartford, Connecticut, 
USA 

1887 E S Morse Peabody Academy of Science, Salem Mass , U S A 
1913 Professor F R Moulton University of Chicago, USA 

1889 Dr F Nansen Lysaker, Norway 

1894 Professor R Nasini Istituto Chimioo, Via S Maria, Pisa, Italy 

1913 Professor E Naville Universite, Geneva 

1887 Professor Emibo Noel ting Muhlhausen, Elsass, Germany 

1894 Professor H F Osborn Columbia College, New York, USA 

1890 Professor W Ostwald Linn^strasse 2, Leipzig 
1890 Maffeo Pantaleom 13 Cola di Rienzo, Rome 

1895 Professor F Paschon Umversitat, Tubingen 

1887 Dr Pauh Feldbergstrasse 49, Frankfurt a/Mam, Germany 
1901 Hofrath Professor A Penck Georgenstrasse 34-36, Berhn, N W 7 
1890 Professor Otto Pettersson Stockholms Hogskola, Stockholm 

1894 Professor W Pfeffer, D C L Linnestrasse 11, Leipzig 

1886 Professor F W Putnam Harvard Univcisity, Cambridge, Massa 

ohusetts USA 

1887 Professor Georg Qumcke Bergstrasse 41, Heidelberg 

1868 L. Radlkofer, Professor of Botany in the University of Munich 
Sonnenstrasse 7 

1913 Professor Remke Umversitat, Kiel 

1895 Professor Ira Remsen Johns Hopkins Umversity, Baltimore, 

USA 

1913 Dr Hans Reusch Umversitet, Christiania 

1897 Professor Dr C Richet 15 rue de TUmversit^, Pans, France 

1896 Dr van Rijckevorsel Parklaan 3, Rotterdam, Netherlands 
1892 Professor Rosenthal, M D Erlangen, Bavana 

1913 Professor A Rothpletz Umversitat, Munich 
1913 Professor H Rubens Umversitat, Berlin 

1895 Professor Carl Runge Wilhelm Webers trasse 21, Gottingen, 
Germany 

1901 Gen Major Rykatchew Perspective Srodny 34, Wass Ostr , 
Petrograd 

1913 Dr C Schoute De Biet, Holland 

1874 Dr G Schwemfurth Kaiser Friedrichstrasse 8, Berlin 

1897 Professor W B Scott Pnnceton, N J , U S A 

1887 Professor H Graf Solms Botanischer Garten, S trass burg 

1887 Ernest Solvay 25 rue du Pnnce Albert, Brussels 

1888 Dr Alfred Springer 312 East 2nd street, Cincinnati, Ohu, 

USA 

1881 Dr Cypanssos Stephanos The Umversity Athens 
1887 Professor John Trowbndge Harvmrd University, Cambridge, 
Massachusetts, USA 

1889 Wladimir Vernadsky Imperial Academy of Sciences, Petrograd 
1913 Professor M Verworn Umversitat, Bonn 

1886 Professor Jules Vuylsteke 21 rue Belliard Brussels Belgium 

1887 Professor Dr Leonhard Weber Moltkestrasse 60, Kiel 
1913 Professor Max Weber Umversiteit, Amsterdam 
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1887 Dr H C White Athens, Georgia, USA 

1881 Professor H M Whitney Branfo^, Cbnn , U S A. 

1887 Professor £ Wiedemann Erlangen 

1887 Professor Dr R Wiedersheim Hansastrasse 3, Freiburg im- 
Breisgau, Baden 

1887 Dr Otto N ^ itt Ebereschen All^e 10, Westend bei Berbn 
1913 Professor R W Wood Johns Hopkins University, Baltimore, 
USA 

1913 Professor P Zeeman Universiteit, Amsterdam 
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LIST OF SOCIETIES AND PUBIJC INSTITUTIONS 

TO WHICH A COPY OF THE REPORT IS PRESENTED 


GREAT BRITAIN 

Belfast, Queen’s University 
Birmingham, Midland Institute 
Bradfo^ Philosophical Society 
Bnghton Pubhc t4ibrary 
Bristol Nckturahsts’ Society 

, The Museum 

Cambridge Philosophical Society 
Cardiff, University College 
Chatham, Royal !£lngineers’ Institute 
Cornwall Royal Geological Society of 
Dubbn, Geological Survey of Ireland 

, Royal College of Surgeons in 

Ireland 

, Royal Irish Academy 

— , Royal Society 

, National Library of Ireland 

Dundee, Umversity CoUege 

, Albert Institute 

Edmburgh, Royal Society of 

, Royal Medical Society of 

, Scottish Society of Arts 

Exeter, Royal Albert Memonal 
College Museum 

Glasgow, Royal Philosophical Society 
of 

, Institution of Engineers and 

Shipbuilders in Scotland 
Leeds, Institute of Science 
— Philosophical and Literary 
Society of 

Liverpool, Free Pubhc Library 

, Royal Institution 

, The University 

London, Admiralty, Library of the 

, Board of Agriculture and 

Fisheries 

, Chemical Society 

, Civil Engineers, Institution of 

, Geological Society 

, Geology, Museum of Practical 

— — , Greenwich Royal Observatory 

, Guildhall Library 

, Institution of Electrical 

Engineers 

, Institution of Mechanical 

Engineers 

, Intelligence Office, Central De 

partment of Political Information 


AND IRELAND 

London, King’s College 

, Linnean Society 

, London Institution 

, Meteorological Office 

, Physical Society 

, Royal Anthropological Insti- 
tute 

, R03 al Asiatic Society 

, Royal Astrononuoal Society 

, Royal College of Physicians 

, Royal College of Surgeons 

, Royal Geographical Society 

, Royal Institution 

, Royal Meteorological Society 

, Royal Sanitary Institute 

, Royal Society 

, Royal Society of Arts 

, Royal Statistical Society 

, United Service Institution 

, Umversity College 

, War Office, Library 

, Workers’ Educitioml Asso 

ciation 

, Zoological Society 

Manchester Literary and Philosophi 
cal Society 

, Municipal School of Technology 

Newcastle upon Tyne, Literary and 
Philosophical Society 

, Public Library 

Norwich, The Free Library 
Nottingham, The Free Library 
Oxford, Ashmolean Natural History 
Society 

, R^chffe Observatory 

Plymouth Institution 

, Manne Biological Association 

Salford Royal Museum and Library 
Sheffield University College 
Southampton, Hartley Institution 
Stonyhurst College Observatory 
Surrey, Royal Gardens, Kew 

, Kew Observatory, Richmond 

Swansea, Royal Institution of South 
Wales 

Yorkshire Philosophical Society 
The Corresponding Societies 
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EUROPE 


Berhn 

Die Kaiserhche Aka- , 

Mumch 


demie der Wissen- 
schaften 

Naples 

Bonn 

Umversity Library 

— 

Brussels 

Royal Academy of 

Pans 


Sciences 


Chafkow 

University Library 


Coimbra 

Meteorological Ob 

— 


servatory 

— 

Copenhagen 

Royal Society of 

— 


Sciences 


Dorpat, Russia Umversity Library 

— 

Dresden 

Royal Pubhc Library 

Pctrograd 

Frankfort 

Natural History So 

— 


ciety 

Pultova 

Geneva 

Natural History So 
ciety 

Umversity Library 

Rome 

Gottingen 



Gratz 

Naturwissenschaft 



hcher Verein 

— 

Halle 

Leopoldimsch Caro - 



hmsche Akademie 

Rumama 

Harlem 

Soci6t6 Hollandaise 



des Sciences 


Heidelberg 

Umversity Library 

Spain 

Helsingfors 

Umversity Library 


Jena 

Umversity Library 


Kazan, Russia Umversity Library 

Stockholm 

Kiel 

Royal Observatory 

Tunn 

Kiev 

University Library 


Lausanne 

The University 

Upsala 

Leiden 

Umversity Library 

Liege 

Umversity Library 

Utrecht 

Lisbon 

Academia Real des 

Vienna 


Sciences 



Milan 

The Institute 


Modena 

Royal Academy 


Moscow 

Society of Naturahsts 

Zurich 

— 

University Library I 



ASIA 

Agra 

The College j 

Calcutta 

Bombay 

Elphinstone Institu 

— 


tion 

Ceylon 

— 

Grant Medical Col 


lege 1 

Madras 

— 

Royal Asiatic Society 

— — 

Calcutta 

Royal Asiatic Society ' 

Tokyo 

— 

Hooghly College 


AFRICA 


University Library 
ROTal Academy of 
Sciences 

Zoological Station 
Association Fran^aise 
]^ur TAvancement 
des Sciences 
Geographical Society 
Geological Society 
Royal Academy of 
Sciences 
School of Mines 


Umversity Library 
Imperial Observatory 


Imperial Observatory 
Accademia dei Linoei 
Collegio Romano 
Itahan Geographical 
Society 

Italian Society of 
Sciences 

Rumanian Association 
for the Advance- 
ment of Science 
Asociacion para el 
Progreso de las 
Ciencias 

Royal Academy 
Royal Academy of 
Sciences 

Royal Society of 
Science 

University Library 
The Impenal Library 
Central Anstalt fur 
Meteorologie und 
Erdmagnetismus 
Naturforschende Ge- 
sellschaft 


Medical College 
Presidency College 
The Museum, Co 
lombo 

The Observatory 
Umversity Library 
Impenal Umversity 


Cape Town National Botanic Gardenb, Ne\^ lands 

The Royal Observatory 

South Afncan Association for the 


Advancement of Science 


South Afncan Pubhc Library 

Grahamstown Rhodes University College 
Kimberley Pubhc Library 



1?2 

Albany 

Amherst 

Baltimore 

Boston 

Cahfomia 

Cambndge 

Chioago 

Edmonton 

Kingston 

Manitoba 

Massaohnsetts 

Mexico 

Missoun 

Montreal 

Montreal 
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AMERICA. 


The Institute 
The Observatory 
Johns Hopkins Uni- 
versity 

Amencan Academy of 
Arts and Sciences 
Boston Society of 
Natural History 
The Umversity 
Lick Observatory 
Academv of Sciences 
Harvard. Umversity 
Library 

Amencan Medical 
Association 
Field Museum of 
Natural History 
University of Alberta 
Queen's Umversity 
Historical and Scien 
tific Society 
The Umversity 
Manne Biological 
Laboratory, Woods 
Roll 

Sociedad Cientifica 
‘ Antomo Alzate ’ 
Botamcal Garden 
Council of Arts and 
Manufactures 
McGill Umversity 


New York 

Ottawa 

Philadelphia 

I 

Toronto 

Uruguay 
I Washington 


Amencan Society of 
Civil Engineers 
Academy of Sciences 
Geological Survey of 
Canada 

Amencan Philosophi- 
cal Society 
Frankhn Institute 
University of Penn- 
sylvama 

The Observatory 
The Canadian Insti 
tute 

The Umversity 
General Statistical 
Bureau andLibrary , 
Montevideo 
Board of Agnculture 
Bureau of Ethnology 
Bureau of Standards, 
Department of Com- 
merce and Labour 
Coast and Geodetic 
Survey 

Library of Congress 
Naval Observatory 
Smithsoman Institu- 
tion 

United States Geolo- 
gical Survey of the 
Temtones 


Adelaide 

AUSTRALIA 

Public Library of South Australia 

— 

Royal Geographical Society 

Bnsbane 

Queensland Museum 

— 

Queensland Public Library 

Melbourne 

PnbLc Library 

Sydney 

Pubhc Works Department 

Austrahan Museum 

— 

Library, Department of Mines 

Tasmania 

Royal Society 

Victoria 

The Colomal Government 

Canterbury 

NEW ZEALAND 

The Museum 

Wellington 

New Zealand Institute 

(Dominion Museum; 
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